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SUMMARY

This report includes a review and analysis of the relevant
geological information that is available on the Wilkeson-Carbonado coal
field in Pierce County, Washington.

The coal deposits are in the Puget Group of Eocene age, which has
been intensely folded and faulted, and in places intruded by igneous
rocks. Much of the coal-bearing sequence is concealed by glacial
deposits and a dense forest growth, so.exposures_of bedrock are rare.
Detailed geologic knowledge of the coal-bearing sequence is confined to
areas of extensive mining, and very little is known about the geology
of the intervening areas or the relation of the geolbgy of one mine
area to another. About 40 coal beds, which vary from a few inches to
23 feet in thickness, occur in a dominantly siltstone~sandstone sequence
more than 8,000 feet thick. The Wilkeson-Carbonado coal field has
significant reserves of metallurgical coal, Probably 60 to 125 million
tons, Most of the easily accessible coal has been mined, and part of the
remaining estimated coal resources may be uneconomical to mine because
of prior mining.

Coal in the Wilkeson-Carbonado coal field ranges in rank from
high-volatile A bituminous to low-volatile bituminous. The coal in the
beds in the upper part of the coal-bearing sequence is generally noncoking,
however, coal in the lower part of the sequence has good coking qualities.
The coal has a low sulfur content, generally less than 1 percent; the ash
content is rather high, ranging from 8 to 23 percent. Most of the coal
is fractured and brittle enough to be classed as friable. About 21
million tons of coal has been produced from the 12 beds that were
workable under past market conditions.

Water supply and quality in the Carbon River and South Prairie
Creek drainages appear to be adequate for hydraulic coal mining, assuming
a recycled water supply. However, the selection of a site in the
Wilkeson-Carbonado coal field for hydraulic mining experiments, or the
possible development of a producing mine using hydraulic mining concepts,
will require careful consideration of many adverse geologic conditions.
The steeply dipping and fault terminated coal beds present many mining
difficulties that will require ingenuity and resourceful engineering

to make hydraulic mining a successful venture.



It is recommended that very detailed investigations of the geology
and hydrology of the Wilkeson-Carbonado coal field be made prior to
selection of a mine site and to verify the feasibility of hydraulic

mining.

INTRODUCTION
Scope of Investigations

This report was prepared by the U.S. Geological survey in cooperation
with the U.S. Bureau of Mines under USBM contract Number J0166209 of the
Bureau's Advancing Coal Mining Technology (ACMT) Program. The report
includes a summary and evaluation of geologic and mining data available
on the Wilkeson-Carbonado coal field of Pierce County, Washington. This
is the first in a series of reports to be prepared by the Geological
Survey relating to one of five geographic areas of pitching coal identi-
fied by the Bureau, for which further geologic information is needed
before their potential for hydraulic mining can be adequately appraised.
Subsequent reports in this series will cover four areas of pitching coal
in Colorado.

The objectives of this investigation have included a review of
existing geologic reports on the study area, an evaluation and synthesis
of these data, and identification of geologic factors that would influ-
ence the recovery of the coal resources. Although this investigation
is based primarily on a review of published literature, it also includes
data collected by personal contacts and in the course of a brief field

investigation made in April, 1977.
This report consists of two parts. Part one includes a discussion

of the geologic setting, stratigraphy, structure, coal beds, resources,
and past mining experience which was prepared by the Branch of Coal
Resources within the Geologic Division of the U.S. Geological Survey.
Part two of this report contains a discussion of surface and ground
water conditions within the study area which was prepared by the Ground-
water Division of the Geological Survey at the request of the Branch

of Coal Resources.



Location and Geologic Setting

The Wilkeson-Carbonado coal field contains the only sizeable
resources of coking coal in the Pacific Coast States. The field is
situated in the north central part of Pierce County in southwestern
Washington and is roughly bounded by meridians i22° and 122°5' W., and
parallels 47° and 47°10'N. Figure 1 shows the location of the Wilkeson-
Carbonado coal field and its relation to other coal-bearing areas in
Washington. The coal field is a rectangﬁlar-shaped area of about 35
square miles on the west slope of the Cascade Range about 18 miles
southeast of Tacoma, and about 30 miles south-southeast of Seattle. The
field is named after the two largest communities, Wilkeson and Carbonado,
within the limits of the coal—bearing sequence, but also includes the
mines at Burnett, Spiketon, Willis, Melmont, and Fairfax (fig. 2). The
coal-bearing sequence 1is probably continuous across concealed areas
south of Fairfax and is thought to extend to Ashford, about 18 miles
south of Fairfax. The area south of Fairfax is collectively known as the
Puyallup-Ashford field (Daniels, 1914, p. 9).

The coal deposits of the Wilkeson-Carbonado field occur in the
Puget Group of Eocene age (Gard, 1968, p. B5) and are confined to a
narrow belt about 3.5 miles wide extending 9.5 miles northward from
Upper Fairfax to a point just south of Buckley. On the east side of this
belt the coal-bearing rocks dip beneath volcanic clastic rocks of
Oligocene age. Along the west side of the belt the upper coal-bearing
part of the Puget group thins to ektinction (Gard, 1968, p. B12) and
the lower coal-bearing part of the Puget Group dips west below a thick
sequence of volcanic breccia, tuff, and volcanic sandstone and conglomer-

ate of Upper Eocene age.
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FIGURE 2.--Map showing location of mines in Wilkeson-Carbonado area.
(modified from Smith, 1911, plate 3)



Much of the coal-bearing sequence in the Wilkeson-Carbonado field
is concealed by thin to thick deposits of glacial drift and a dense
forest growth. The coal-bearing strata have been intensely folded and
faulted. Most.of the folds are narrow asymetrical, north-northwestward
. trending structures, the principal fold being tﬁé Wilkeson anticline.
Average dips on the flanks of the folds are generally about 60°. The
strata are cut by many high-angle reverse and normal strike faults most
of which are subparallel to the fold axes and others which are generally
normal faults that transect and postdate the strike faults (Gard, 1968,
p. B26). Displacement along the faults ranges from a few feet to 1,800
feet. Dikes sills, and small plugs of intrusive igneous rocks, which
are encountered within the coal—bearing sequence, locally have had a
marked effect on the character of the coal. The coal ranges in rank
from high-volatile A bituminous to low-volatile bituminous. The rank of
the coal, however, results from the intense structural deformation in the
area and not from the igneous intrusives. Coal from the lower part of
the Puget Group can be coked.

About 2] million tons of coal have been produced from the field and
annual production reached a high of 832,272 tomns in 1913. Production
declined thereafter, having dwindled to less than 1,000 tons in 1959.
There are no operating mines in the field at this time (1977).

Because of paucity of exposures in the area, knowledge of the coal
deposits is limited chiefly to areas of extensive mining and very little
is known about the intervening areas between mines or the relation of

one area to another.



Previous Investigations

Coal was first discovered in the Wilkeson-Carbonado field in the
canyon of the Carbon River about 1862 and the first mine was opened in
1874 (Daniels, 1914, p. 60). During the Northern Transcontinental
Survey, made by the U.S. Geological Survey in 1581—1884, the pioneer
work on the coal deposits of Washington was done by Bailey Willis and
the summary of the results of this survey were reported in the Tenth
Census Report of the United States (1886) aﬁd in the 18th Annual Report
of the U.S. Geological Survey (1898). Willis and G. O. Smith (1899)
continued investigations and included a description of the coal measures
and a structure map of the Wilkeson-Carbonado coal field in their
description of the Tacoma quadrangle. Smith (1902) later reviewed the
structure and economic development of the coal fields.

In 1909-10, E. E. Smith (1911), of the U.S. Geological Survey,
examined, sampled, and analyzed coals of the entire State of Washington
in a cooperative program with the Geological Survey of Washington.
Analyses of coals from the Wilkeson-Carbonado field are also available
from Fieldner and others (1931), Cooper and Abernethy (1941), Abernethy
and others (1958), and Matson and White (1975).

The most comprehensive report on the Wilkeson-Carbonado coal field
was prepared by Joseph Daniels (1914). Daniels examined all of the
operating mines, studying the underground relations and structure of the
coal field, and measured many stratigraphic sections in the mine workings.
His report included a correlation of the coal beds that were being
worked at that time. Later Ash (1931), on the basis of new information,
extended the correlation of coal beds over a wider area and proposed a
new system of coal bed nomenclature. Weaver (1937) measured and published
a stratigraphic section of part of the coal-bearing sequence exposed in
the Carbon River Gorge.

The U.S. Bureau of Mines and others have published numerous reports
covering coking processes and the carbonizing properties of coals
produced from the Wilkeson-Carbonado field. Among these are: Belden and
others (1910), Daniels (1920), Marshall and Bird (1931), Yancey and
others (1932), Yancey and others (1939), Daniels (1941), Davis and others
(1942), Yancey and others (1943), and Davis and others (1952).



Washability studies and cleaning trials on coals from the Wilkeson-
Carbonado field have been reported in McMillan and Bird (1924), Bird
and Marshall (1931), and Geer (1964). Coal mining problems and systems
of coal mining in the Wilkeson-Carbonado field were discussed by Evans
(1924) and Ash(1925).

The most recent geologic investigations of the Wilkeson-Carbonado

coal field and adjacent areas were made by Crandell and Gard (1960),
Crandell (1963), and Gard (1968). Their series of reports provides
well-documented descriptions of the surficial geology, geomorphology,

and bedrock geology of the Lake Tapps quadrangle, including the area of

the coal field. Detailed information on the coal resources of the
Wilkeson-Carbonado field is contained in the state summary of coal reserves
prepared by Beikman, Gower, and Dana (1961, p. 63-85). Livingston (1974,
p. 51-54) also summarized coal thickness, analytical, and resource data

of the study area. The reserve base of coal for underground mining is
categorized in Matson and White (1975).

An economic feasibility study of the coal producing area was prepared
under the supervision of the U.S. Bonneville Power Administration in 1963.
Data Acquisition and Acknowledgements

Data for this investigation was acquired primarily from the
literature. The comprehensive reports of Daniels (1914), Beikman, Gower,
and Dana (1961), and Gard (1968) supplied much of the information present-
ed in this report. The authors thank L. M. Gard, Jr., of the U.S.
Geological.Survey for the use of some original field notes and for provid-
ing mine maps and other unpublished data, which yielded valuable informa-
tion .

The authors visited the study area between March 29 and April 7, 1977,
during which time the cooperation of E. R. Vonheeder, Geologist, Division
of Geology and Earth Sciences, Washington Department of Natural Resources,
and D. B. Hume of Donald B. Hume and Associates facilitated the work, as
did the friendly assistance rendered by N. R. Welch and Doris Smith of

the U.S. Bureau of Mines, Olympia, Washington.



GEOGRAPHY
Topography and Drainage

The Wilkeson-Carbonado coal field occurs principally in an upland
area at an altitude of 1,100 feet to about 2,300 feet. The field is in
part of the foothills of the Cascade Range, and is bordered to the north
by a broad rolling lowland at an alititude of 400 feet to 1,100 feet
that is part of the Puget Sound lowland. The total relief within the
area of the coal field is about 1,830 feet; the highest point in the
field is on the crest of Gleason Hill at an altitude of 2,307 feet. The
lowest point within the field is 480 feet near Cascade Junction at the
confluence of South Prairie and Wilkeson Creeks. Topographic quadrangle
maps of the Wilkeson and Buckley quadrangles, which cover the area of
the coal field, are included for reference purposes in the Appendix of
this report.

In general, the area of the coal field is characterized by a rather
flat, northwest-sloping surface that has been deeply dissected. The
present topography and drainage are the result mainly of erosion and
deposition during Pleistocene time, Quaternary deposits mask an older
topography carved on the bedrock surface (Gard, 1968, p. B3).

The master stream of the area is the Carbon River which heads in
a glacier about 15 miles southeast of the study area. The river has cut
a deep valley through the coal field. The valley is fairly wide where
the river enters the southeastern part of the coal field (fig. 3) and
narrows a few miles downstream where the river cuts through more resistant
 bedrock and forms the Carbon Gorge. At Fairfax Bridge the gorge is
nearly 900 feet deep and only slightly more than 1,000 feet wide (fig. 4).
The sides of this gorge form the most precipitous slopes in the area and
at places between Fairfax Bridge and Carbonado the walls are vertical to
overhanging (Gard, 1968, p. B4). About 3 miles downstream from Carbonado
the river emerges from the bedrock gorge and occupies a broad steep-

walled valley formed chiefly in surficial deposits.






The eastern and northern parts of the coal field are drained by
South Prairie Creek and its tributary, Wilkeson Creek (formerly called
Gale Creek) both of which head in the Cascade Range. Gale Creek, a
tributary of Wilkeson Creek, drains the east central part of the area,
and Lily Creek, a tributary of the Carbon River drains the southwestern
margin of the coal field.

Climate and Vegetation

The Wilkeson-Carbonado coal field and surrounding territory have a
somewhat modified marine climate. Prevailing westerly winds heavily-
laden with water vapor after their passage over the Pacific, rise to pass
over the Olympic Range to the west of the area, and cooled at higher
altitudes, they drop heavy rains on the windward slopes. Warming as they
descend the leeward slopes., thev hold their moisture until they meet the
Cascades to repeat the wet-dry cycle.

Summers are generally cool and dry, and winters are mild and wet.
The mean annual temperature is about 46°F. Precipitation at the lower
latitudes is principally rain. Both rainfall and snowfall increase with
an increase in altitude from the northwest to the southeast. The total
annual precipitation in the vicinity of Carbonado averages about 75
inches. Almost 70 percent of the yearly precipitation falls during the
6-month period from October to March (table 1).

TABLE 1.--Total precipitation (inches) measured at Carbonado weather station
by month and year, 1951-60 (U.S. Weather Bureau, 1965)

YEAR JAR FEB MAR APR MAY JUNE JULY AUG SEPT ocT Nov DEC ANN

CARBONADO 8 SSE

1951 | 10.24 [10.86 | 7.21 .89 | 4.715| 1.3 .25| 179 4.32] 10.68] 9.06] 7.08] 68.48
1552 ¢.32] s.19 | 5.3 | 433 aser| 3m .S21 113 r.8f 179 .86 s.91| 39.28
1953 {20.20| S5.80 | S5.40 |E 6.26 |E S.25{ 6.22| 2.52] 3.20] 4.01] 4.75) E 9.69 - -
1954 - - - - s.22{ 7.16] 3.2 «.as{ 3.s3| s.1} s9.04| .42 -
1955 ¢.09) 7.712{e 7.0 | 7.37 | .37 aus2] 2.92 A71 4,22 13.55) E11.79) E14.43) 82.86
1956 - - - - - - .85 2.19 - |, 9.1} 3@ - -
1957 - - - - - 3.7 1.65] 1.58] 2.85]" 7.15 - - -

9
1958 9.691 9.70 3.78 9.5¢4 2.38 5.52 .00 1.31 4.5 6.77]| 10.50{ 12.88] 85.42
1959 3.4 5.7 B.4&4 6.93 7.06 1.21 1.38 2.41 8.68] 11.50}| 14.62 8.12| 94.93
1960 3.61] 7.31 5.7 6.5 | 13.33 3.88] - .04 5.43 2.98 8.76] 13.76 4.87] 76.26
PEKIOD 9.35] 7.49 6.24 5.98 5.79 &.84 1.2 2.34 &£.04 8.06} 10.25 8.82] 74.53
YEARS 7 7 7 7 8 9 10 10 9 10 9 ?

RECORD 7.681 6.91 6.73 5.81 &.95 &.79 1.84 1.99 3.88 1.26 9.49} 10.78] 72.11
YEARS 22 22 22 23 28 29 30 Jo 28 30 25 22

8 SSE-distance (miles) and direction from post officé.
E-estimated or interpolated from nearby stations.
A dash indicates missing or insufficient record.

11



Dense forests of fir, spruce, cedar, and hemlock that once covered
this area were logged off early in this century. Much of the Cascade
foothills is now a tree farm and is covered with large stands of second-
growth hemlock, fir, and spruce. Madrona grows in the better drained
areas, and dense stands of red alter are found wherever there has not
been artificial reforestation. Big-leaf maple and western redcedar
are common in the lower moister areas.

Population and Ownership

The largest communities in the coal field are Carbonado (population
394) and Wilkeson(population 317). Buckley (population 3,446), which is
located just north of the coal field, is the largest community in the
general area. Sites of several abandoned coal-mining towns, which owed
their inception to the coal-mining industry, are now marked by a few
buildings or, more commonly, by only foundations and ruins overgrown by
brush. These o0ld towns include: Spiketon, also known as Black Carbon and
as Pittsburg, which was adjacent to South Prairie Creek in the SE 1/4
sec. 15, T. 19 N., R. 6 E., east of Burnett; South Willis, which was in
SE 1/4 sec. 22, T. 19 N., R. 6 E., northeast of Wilkeson; Melmont,
which was about 3 miles south of Carbonado in the E 1/2 sec. 21, T. 19 N.,
R. 6 E., along the abandoned railroad on the east side of the Carbon
River; and Montezuma, now known as Upper Fairfax, which is in the south-
east corner of the study area.

Figure 5 shows a highly generalized map of the Wilkeson-Carbonado
coal field (modified from U.S. Bonneville Power Administration, 1963, fig.2)
on which ownership of the surface is shown by several classes of owners.
The map was prepared from information available in 1951, but present
ownership probably is not appreciably different. The coal field as
outlined on this map (after Daniels, 1914, pl. 1) embraces a slightly
larger area than is shown on the geologic map (pl. 1) accompanying this
report, as it includes about 16 square miles of territory east of the 122°W.
parallel in which the geologic relations have not been accurately determined.

Figure 6 shows the mineral rights (as of 1951) for most of the field
by several classes of owners. In most cases mineral rights conform with
surface ownership, but for some tracts they are held separately. The
type of surface and mineral ownership in this field would not be expected
to impede development of a mining operation (U.S. Bonneville Power

Administration, 1963, p. 17).
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Accessibility
Access to the area ranges from good to poor. Some parts of the

area are accessible only by private logging roads and roads maintained
for fire protection. State Route 165, which trends southward from
Buckley through Burnett, Wilkeson, and Carbonado, is the principal
improved highway traversing the coal field. Graveled or dirt secondary
roads provide access to most parts of the coal field. A branch of the
Northern Pacific Railroad extends from South Prairie southeastward to

Wilkeson and Carbonado.

STRATIGRAPHY
General Features

More than 8,000 feet of sedimentary and volcanic rocks of Early
Tertiaryl(Eocene) age crop out in the Wilkeson-Carbonado coal field.
These rocks form the coal-bearing Puget Group which is comprised of the
Carbonado, Northcraft, and Spiketon Formations (Gard, 1968, p. BS).
The Puget Group is overlain by volcanic sedimentary rocks and pyroclastic
rocks of the lower part of the Ohanapecosh Formation of Oligocene age.
The Puget and Ohanapecosh rocks are folded and faulted and were intruded
by igneous dikes and sills of Oligocene(?) age or Miocene(?) age. After
deformation and intrusion the rocks were uplifted and eroded. Semi-
consolidated till and outwash from Quaternary (Pleistocene) glaciers and
alluvium (Recent) were later deposited unconformably on the Puget and
Ohanapecosh rocks in some places.

Tertiary System
Eocene Series

Puget Group

The Puget Group, a thick sequence of predominantly continental
coal-bearing sedimentary rocks, is one of the most widespread stratigraphic
units in the Pacific Northwest (Wolfe and others, 1961). These rocks
underlie a large area in the western foothills of the Cascade Range and
in the Puget Sound lowlands of western Washington. The Puget consists
of Middle(?) to Upper(?) Eocene strata of fresh- and brackish-water origin
that are locally interstratified with volcanic sedimentary rocks (Gard,

1968, p. B5).
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The rocks of the Puget Group were first described by Willis (1886)
and referred to as the '"coal measures of the Puget Sound basin''. These
rocks subsequently were named Puget Group by White (1888) and were
subdivided into the Carbonado, Wilkeson, and Burnett Formations in the
Wilkeson~Carbonado area by Willis (1898).

Gard (1968, p. B5) noted that "the lithologic similarity of the
strata in all the formations of Willis, as well as the scarcity of
continuous exposures, renders these formations of limited use for mapping
purposes and necessitates changes in nomenclature'. Whereupon, he
redefined the Puget Group in the Wilkeson-Carbonado area to include the
Carbonado, Northcraft, and Spiketon Formations. The Carbonado Formation
of Willis was redefined to include the beds of Willis' Carbonado and
Wilkeson Fromations and the lower part of the Burnett Formation. Gard
noted the presence of a thick to thin wedge of volcanic sedimentary rocks
within the coal-bearing Puget Group which he correlated with the North-
craft Formation of Snavely and others (1958). The Spiketon Formation
was defined to include the coal-bearing rocks that overlie the Northcraft
Formation which comprise the upper 3,600 feet of Willis' Burnett Formation.

Carbonado Formation.—-The Carbonado Formation consists of moderately

indurated interbedded sandstone, siltstone, mudstone, shale, and numerous
thin to thick beds of coal. The total exposed thickness is more than
5,000 feet along the Carbon River west of Carbonado (Gard, 1968, p. B6).
The top of the formation is placed at the base of the volcanic sedimentary
rocks of the Northcraft Formation. The base of the Carbonado is concealed
and the total thickness of the formation is unknown.

The formation occupies a northward-trending belt about 3 miles wide
through most of the study area that is best, though discontinuously,
exposed on the South Prairie Creek near Burnett, on Gale Creek near
Wilkeson, and on the Carbon River from sec. 31, T. 19 N., R. 6 E. upstream
to Fairfax. The Carbonado Formation is characterized by lithologic
variations and changes in thickness of bedding within short distances
along strike. The formation is composed of light-gray to brown sand-
stone and gray to brown or black siltstone, mudstone, carbonaceous shale,
and coal. Although sandstone makes the most conspicuous outcrops because
of its resistant nature, it probably forms less than half of the total
thickness of the formation (Gard, 1968, p. B8). The sandstone is
composed chiefly of quartz (about 50 percent) and feldspar (about 35
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percent); black chert, quartzite, mica, and rock fragments are common
minor constituents. The cementing material of the sandstone appears to
be mainly secondary calcite, although clay minerals probably also act as
a binding agent (Gard, 1968, p. B7).

Sandstone strata are locally very thick bedded, commonly crossbedded,
lenticular, and many lenses are probably channel fillings. Individual
sandstone strata range greatly in thickness; some are only a few inches
thick, others are as much as 100 feet thick. .

The siltstone and mudstone beds in the Carbonado Formation are light
brown, to black, depending on the amount of incorporated organic matter,
grain size, and state of oxidation. They weather readily, so that
outcrops are limited to artificial cuts and recently eroded streambanks.
Individual beds in these fine-grained strata range from laminations a
fraction of an inch thick to beds 25 feet thick. Alternating thin beds
of siltstone, mudstone, and fine-grained sandstone form sequences as much
as 100 feet thick.

Carbonaceous shales and bony shales are fairly abundant throughout
the Carbonado Formation. The carbonaceous shales are black, soft, and
usually foliated (Daniels, 1914, p. 25). They are commonly associated
with beds of coal as partings in a bed, and also commonly comprise the
roof (hanging wall) and floor (footwall) rocks of coal beds.

Numerous beds of coal, bony coal, and bone are interbedded with
other sedimentary rocks in the lower 3,000 feet of the Carbomnado
Formation exposed in the area, however, the upper 2,000 feet of the
formation is virtually barren of coal. Carbonaceous beds commonly grade
laterally and vertically into coal beds. The coal beds usually have
sharp contacts with the overlying and underlying rocks and in some
places the upper parts of some coal beds are cut by scour-and-fill
channels. Coal beds in the Carbonado Formation are as much as 23 feet
thick, although most are 2 to 8 feet thick. Twenty-two beds have been
mined in the lower 3,000 feet of the formation in the area between Burnett

and Fairfax.
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Northcraft Formation.--The Northcraft Formation in the vicinity of

the Wilkeson-~Carbonado coal field consists of volcanic breccia and tuff
and lesser amounts of volcanic conglomerate and volcanic sandstone. It

is well exposed 3 miles west of the coal field where it is more than 2,000
feet thick. Its maximum thickness in the eastern part of the coal field
is only about 200 feet.

The Northcraft lies at or near the surface in two northward-trending
belts on both flanks of the coal field. On the east flank of the coal
field the formation occurs in a narrow belt of poorly exposed rocks.
Outcrops are limited to the valley walls of South Prairie Creek, the
sides of the melt-water channel east of Wilkeson, and the hillside in
the NW 1/4 sec. 35, T. 19 N., R. 6 E., southeast of Wilkeson. West of
the coal field the belt of Northcraft outcrops is about 6 miles wide and
can be traced for more than 20 miles from the Carbon River southward to
the Nisqually River. 1In the southern part of the area these rocks are
covered by Pleistocene deposits and the location of the contact with the
underlying Carbonado Formation is inferred from exposures along the Carbon
River and along the Puyallup River about 2 miles south of the map area
(Gard, 1968, p. B9).

In the eastern part of the Wilkeson-Carbonado coal field, where the
Northcraft is thin, it is overlain by the coal-bearing Spiketon Formation;
but on the west margin of the coal field, where the Northcraft is
considerably thicker, the Spiketon Formation is absent.

The Northcraft Formation is composed mainly of somber-hued volcanic
breccia of andesitic composition. The rocks are generally brownish or
yellowish black but on fresh surfaces may be brick red, dark gray,
greenish gray, or black. Most layers of breccia appear to have been
emplaced as volcanic mudflows, but some may be breccias of pyroclastic

origin or flow breccias (Gard, 1968, p. B9).
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Spiketon Formation.-~The Spiketon Formation is comprised of

alternating beds of light-gray arkosic sandstone, gray to brown or
black siltstone, mudstone, shale, carbonaceous shale, and coal that
overlies the Northcraft Formation in the eastern part of the Wilkeson-
Carbonado coal field. It is typically exposed along the valley walls
of South Prairie Creek near the abandoned coal-mining community of
Spiketon in SE 1/4 sec. 15, T. 19 N., R. 6 E. The formation is about
3,600 feet thick and includes the upper part of the Burnett Formation .
of Willis and Smith (1899, p. 8). It is overlain with apparent conformity
by volcanic sedimentary and pyroclastic rocks of the Ohanapecosh Formation
(Gard, 1968, p. B11-Bl12).
The Spiketon Formation lies at or near the surface in a northwestward-
trending belt about three-quarters of a mile wide on the eastern margin
of the coal field but is absent in the western part of the field. The
formation crops out in seecs. 14, 15, 22, and 23, T. 19 N., R. 6 E.; the
most extensive outcrop of the formation is near the west edge of sec. 23.
The Spiketon Formation is lithologically indistinguishable from the
Carbonado Formation, and the two can be separated only where the volcanic
rocks of the Northcraft Formation are present. The main known difference
between the Carbonado and Spiketon Formations is in the quality of the
coal occurring in them. Coal in the Carbonado Formation generally cokes
well and has an average heat value of 12,000 to 14,000 Btu per pound,
whereas the coal of the Spiketon Formation generally cokes poorly and has a
heat value of 9,000 to 12,000 Btu per pound. Some of this difference
may be due to more intense folding of the Carbonado Formation (Gard, 1968,
p. B12). More than 10 coal beds are present in the Spiketon Formation.

These beds range from a few inches to as much as 11 feet in thickness.
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Oligocene Series

Ohanapecosh Formation
Overlying the Spiketon Formation along the eastern margin of the

Wilkeson-Carbonado coal field are well-indurated volcanic rocks thought
to be in the lower part of the Ohanapecosh Formation. These rocks are
mainly andesitic and dacitic in composition. The Ohanapecosh crops out
in sees. 11, 14, and 23, T. 19 N., R. 6 E. It is best exposed in the
steep valley walls of South Prairie Creek. These exposures consist of
about 2,500 feet of sandstone, mudstone, conglomerate, and pyroclastic
rocks. All strata are well indurated and of volcanic origin; they contain
a few intercalated carbonaceous rocks, and several andesitic sills have
intruded the volcanic sedimentary rocks. |

The Ohanapecosh rocks, though locally black, brown, red, and white,
are mostly grayish green. Volcanic sandstone, siltstone, and conglomer-
ate in the Ohanapecosh are all similar in composition. Subangular
fragments of andesitic and basaltic rock, and plagioclase feldspar are
the main constituents (Gard, 1968, p. B16). The contact between Ohanapecosh
rocks and the underlying Spiketon rocks on South Prairie Creek is
obscured by talus, however, the rocks both above and below the contact
are well exposed (Gard, 1968, p. B16-B17).

Quaternary System
Pleistocene Series

The western slopes of the Cascade Range and the Puget Sound lowland
underwent extensive and repeated glaciation during the Pleistocene epoch.
Willis (1898) described the glacial history and named two glacial stages,
Admiralty and Vashon, and the Puyallup interglacial stage. Geologic
mapping (Crandell, 1963, and Crandell and Gard, 1960) has revealed the
presence of till, outwash, and glaciofluvial material deposited by both
continental and alpine glaciers.

The deposits of Pleistocene age are chiefly drift consisting of
sand and gravel and till (fig. 7). These deposits mantle the bedrock
at most places in the Wilkeson-Carbonado coal field. The thickness of
these surficial glacial deposits varies from a few feet to three or
four hundred feet. Timber and air-chutes from the upper limits of mine
workings to the surface reveal these depths of cover (Daniels, 1914,
p. 15), however, the thickness of the glacial deposits has not been

accurately determined through much of the area of the coal field.
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INTRUSIVE ROCKS

Intrusive igneous rocks in the Wilkeson-Carbonado coal field form
dikes, sills, and small plugs in rocks of Eocene and Oligocene age.
Fine-grained intrusive rocks consist of andesite and latite; medium-
grained intrusive bodies are quartz diabase and hornblende dacite
porphry. Although some of the sills appear to be fairly extensive, lack
of adequate exposures prevents tracing them for more than a few hundred
feet. Precise dating of the intrusive rocks is not possible. ‘No
evidence was found to suggest more than one time of intrusion (Gard,
1968, p. B18).

The largest intrusive body in the coal field crops out in the
Carbon Gorge south of Carbonado. It is composed of quartz diabase and
forms a sill at least 950 feet thick that can be traced along the gorge
for nearly 3 miles and is intercalated between west-dipping beds of
the Carbonado Formation. The sill is well exposed in sec. 16, south of
Carbonado (fig. 8), where the Carbon Gorge crosses the sill diagonally
from the base to top for a distance of three-fourths of a mile. The
"north end of the sill is not exposed, but the sill was penetrated in the
Carbonado coal mines, where mine maps indicate that it tapers to a blunt,
rounded end in the NE 1/4 sec. 9, T. 18 N., R. 6 E., about a mile south-
east of Carbonado. The southward extension of the sill is covered by
glacial drift, but a few scattered outcrops of quartz diabase suggest
that the sill extends at least as far south as sec. 28, T. 18 N., R. 6 E.
(Gard, 1968, p. B18).

Contacts between the sill and the enclosing Carbonado Formation are
sharp and mostly conformable with the bedding of the sedimentary rocks.
The lower contact is exposed on State Highway 165 about 400 yards south
of Fairfax Bridge, where less than an inch of the underlying carbonaceous
shale has been baked and hardened (Gard, 1968, p. B19). The upper
contact of the sill is exposed in a guily just northwest of Fairfax Bridge
where the sill appears to be conformable with an overlying siltstone that

was only slightly affected by the heat of the intrusion.
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FIGURE 8.~-Quartz diabase intrusion in Carbonado
Formation, State Highway 165, 2 miles south of
Carbonado, sec. 16, T, 18 N., R. 6 E,
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Sills and dikes of pyroxene andesite have intruded all the Eocene
and Oligocene formations in the vicinity of the Wilkeson-Carbonado coal
field. Sills are more common than dikes in the Carbonado and Spiketon
Formations because the bedding planes offered lines of least resistance
to the invading magma. With few exceptions these dikes and sills are
dark-gray, black, or greenish-gray rocks that vary in texture from
fine- to medium-grained porphyry and have prominent feldspar and pyroxene

phenocrysts (Gard, 1968, p. B21).

STRUCTURE
General Features

The coal-bearing strata of the Wilkeson-Carbonado coal field have
been intensely folded and faulted (fig. 9). The prgdomiqant'structural
feature is a broad northward-trending asymmetrical anticline which is
known regionally as the Carbon River anticline (Gard, 1968, p. B4). The
Carbonado Formation is exposed along the axis of the anticline; the
Northcraft, Spiketon, and Ohanapecosh Formations crop out on the east
limb; but only the Northcraft is exposed on the west limb. The Carbon
River anticline can be traced from Burnett southward for more than 30
miles to the Nisqually River. North of Burnett the anticline is concealed
by glacial deposits. Along the core of the anticline are several
smaller tightly folded anticlines and synclines whose trends parallel
that of the major structure. All the folds have been broken by high-
angle (chiefly reverse) faults which trend subparallel to the fold
axes. Dips in the core of the anticline range from 0° to 90°.

The Carbon River anticline is believed to have resulted from east-
west lateral compression acting on Carbonado rocks between a butress of
thick downwarped Ohanapecosh Formation to the east and the competent

Northcraft Fromation to the west (fig. 10).
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Because of the widespread distribution of Quaternary deposits and
the cover of dense vegetation, outcrops are sparse and small, and marker
horizons generally cannot be recognized or traced. For these reasons,
fold axes and fault traces shown on the geologic map (pl. 1) are only
approximately located. Details of the geologic structure are inferred
chiefly from subsurface information obtained from coal mines in the
Carbonado and Spiketon Formations. Most of the structure shown on plate
1 was interpreted from published and unpublished coal—miné maps (Daniels,
1914; Bird and Marshall, 1931; Beikman and others, 1961; Gard, 1968).

Folds

The Carbonado Formation has been deformed into a series of small,
tight synclines and anticlines (pl. 1, fig. 9), mostly in the core of
the Carbon River anticline. The largest of these is the Wilkeson anti-
cline, Which trends N. 30° W. and plunges at a low angle northward.
Average dips on the flanks of the anticline are generally about 60°.
Although overturned beds are rare, nearly vertical dips are common.

The Wilkeson anticline has been delineated by attitudes of beds exposed
in coal mines from Burnett southward for a distance of about 5 miles
(Gard, 1968, B26).

A small tightly folded syncline (fig. 11) and anticline lie on the
east flank of the Wilkeson anticline in sec. 2, T. 18 N., R. 6 E. The
folds which trend northeastward and plunge in the same direction, are
displaced along the Burnett fault in sec. 35, T. 19 N., R. 6 E. Their
northward extensions are exposed in the valley walls of South Prairie
Creek just east of the map area (pl. 1) in secs. 23, 24, 25, T. 19 N.,

R. 6 E. Gard (1968, p. B26) noted that the syncline continues 6 miles

to the northeast into sec. 6, T. 19 N., R. 7 E. North and south of these
folds, the strata in the eastern part of the coal field resume their
fairly uniform northwest-southeast strike with slightly steeper dips to
the east.

Two anticlines and an intervening syncline occur west of the
Wilkeson anticline east of Carbonado in secs. 3 and 10, T. 18 N., R. 6 E,
(pl. 1). The folded rocks do not crop out, but the folds were identified

during exploration for coal.
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Maps of the mine workings at Melmont reveal complexities of
structure in secs..9, 10, 15, and 16, T. 18 N., R. 6 E., that were
unsuspected prior to mining (Gard, 1968, p. B26). In the NE cor. sec.
21, T. 18 N., R. 6 E., the Melmont tunnel (originally known as the
Blossberg tunnel) was driven 1,600 feet eastward from the tracks of the
now abandoned Northern Pacific Railroad on the east side of the Carbon
River. The tunnel, driven normal to the strike of the beds, intersected
a high-angle reverse fault about 275 feet from the portal and then
crossed steeply dipping beds that exhibit small tightly folded and faulted
anticlines and synclines.

Maps of mine workings north of the Carbon River near Fairfax show
similar small north-plunging folds in the Carbonado Formation. Mine
workings in sec. 34, T. 18 N., R. 6 E., south of Fairfax revealed a
series of small south-plunging folds that continue southward at least as
far as the Montezuma mine, which is on Evans Creek about a mile south
of the map (pl. 1) boundary (Gard, 1968).

North of the Willis fault, in the vicinity of Carbonado, in secs. 32
and 33, T. 19 N., R. 6 E. and in secs. 32 and 33, T. 19 N., R. 6 E., the
coal-bearing strata are tightly folded and faulted. Three anticlines and
three synclines comprise this tightly folded belt. The folds plunge
northward and are not accurately defined north of the centers of secs. 32
and 33. In marked contrast, the strata south of the Willis fault at
Carbonado maintain a fairly uniform strike southward. 1In secs. 16 and
17, T. 18 N., R. 6 E., however, the strata are folded into a small
northwest-trending syncline and anticline.

A minor anticline and syncline occur on the west limb of the
Wilkeson anticline near Wilkeson. These folds appear to die out north-
ward and at Burnett, near the northern margin of coal field, the strata
on the faulted west limb of the Wilkeson anticline maintain a fairly

regular westerly dip.
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Faults

The strata in the Wilkeson-Carbonado coal field are cut by many
high-angle faults which generally are not seen at the surface and were
discovered during coal mining. There appears to be two distinct sets
of faults. One set consisting of strike faults and includes both high-
angle reverse and normal faults (such as the Burnett, Wilkeson, Menzies,
and Deveraux faults) that trend subparallel to the fold axes. The other
set consists of normal faults (such as the Willis and Miller faults) that
transect and postdate the strike faults. The strike faults trend north-
northwestward, have relatively large displacements, and are commonly
dpthrown on their west sides. These faults occur at or near the axes
of minor folds and probably formed during the late stages of folding
(Gard, 1968, p. B26).

The Burnett fault was described by Daniels (1914, p. 43) as a hinge
fault. At the north end near Burnett, the west side of this fault is
downthrown as much as 1,000 feet, whereas at the south end the same side
is upthrown an unknown amount. At section B-B' (pl. 1), the east side
is downthrown about 900 feet, as calculated from the position of the
Northcraft Formation and from the stratigraphic separation between the
base of this formation and the Wingate coal bed (Gard, 1968, p. B26).

Most normal cross faults trend east-southeast, east, or northeast,
cut folds and strike faults, and offset coal beds. The cross fault
with the largest known displacement is the Willis fault, which offsets
the coal beds mined at Carbonado. The south side of the fault moved
downward possibly as much as 1,800 feet (Gard, 1968, p. B26) displacing
west-dipping coal seams eastward on the south side of the fault. The
Miller fault lies 2,000 feet southwest of the Willis fault, is parallel
to it, and also has the south side downthrown. Maps of the coal mines
under Wingate Hill suggest that other cross faults may lie farther
south, but because of lack of specific information, cross faults are not

shown on the geologic map south of Wingate Hill.
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COAL
Wilkeson-Carbonado Coal Field
Discovery and development

Bituminous coal was discovered about 1862 in outcrops of the
Carbonado Formation in the Carbon River Gorge, and mining began in
1874. Coal from the Wilkeson-Carbonado coal field, particularly
that from the Carbonado Formation, proved to be the most satisfactory
coking coa1>on the west coast, and large quantities of coke were
produced. The coal ranges in rank from high-volatile. A bituminous
to low-volatile bituminous and occurs in the more than 8,000 feet of
sedimentary rocks comprising the Carbonado and Spiketon Formations
within the Puget Group. Willis (1886) reported "127 carbonaceous beds
in the Wilkeson section, of which 17 are workable coal veins 3 to 15
feet thick". The coal beds vary in thickness, extent, and character
throughout the coal field, and in the past, about 40 beds have been
mined or opened in several isolated areas within the field.

Knowledge of the coal deposits is confined largely to areas of
extensive mining, and very little is known about intervening areas or
about the relation of one area to another. For this reason, the detailed
descriptions of the coal deposits in this report are given by separated
geographic areas within the Wilkeson-Carbonado coal field, which are:
the Wilkeson-Carbonado area, including the Burnett, Gale Creek, Wilkeson,
and Carbonado mines; the Melmont area; the Fairfax-Montezuma area,
including the mines at Fairfax and Montezuma; and, the Spiketon area,
including the Spiketon and South Willis mines.

Wilkeson~-Carbonado area

Location and coal-bearing sequence

The Wilkeson-Carbonado area includes the Burnett, Gale Creek,
Wilkeson, North Carbonado, and South Carbonado mines (pl. 1). Nine
coal beds of economic importance, which were mined fairly extensively in
the above mines, occur in the lower 3,000 feet of the Carbonado Formation;
the upper 2,000 feet of the formation is virtually barren of coal. Several
additional coal beds are present in the Wilkeson-Carbonado area but at
most places they are not of minable thickness. Although a coal bed may
have been mined in several of the mines within the area, the bed is .
known by a different name or number in each of the mines. For example,
the uppermost coal of economic importance in the Carbonado Formation,

the No. 1 coal bed at Burnett, is known as the Peanut No. 2 in the Gale
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Creek mines, the Wilkeson No. 5 in the Wilkeson mines, the Miller or
No. 3 coal bed in the Carbonado mines north of the Carbon River, and as
the Miller or No. 2 coal bed in the Carbonado mines south of the Carbon
River. These and other coal bed correlations used in this report for
the Wilkeson-Carbonado area are shown on figure 12.

Columnar sections of the coal-bearing sequence!at the Burnett, Gale
Creek, and Wilkeson mines are shown in figure 13. The coal-~bearing
sequence at the Carbonado mines north of the Carbon River is shown in
figure 14, and the sequence in the Carbonado mines south of the river
is shown in figure 15. Most of the coal produced in the Wilkeson-
Carbonado area came from the Wilkeson Nos. 2, 3, 4, and 5 coal beds
and the correlatives of these beds in the Carbonado, Burnett, and Gale
Creek mines; and, from the No. 5 coal bed in the Carbonado mines. Other
coal beds that have been mined extensively are the Wilkeson Nos. 1 and 7,
and their correlatives in the Carbonado mines; and, the Morgan and Big
Ben coal beds in the Carbonado mines north of the Carbon River

(Livingston, 1974, p. 51).

Measured sections of the coal beds in the Carbonado Formation mined
at Burnett are shown in figure 16; sections of the coal beds mined in the
Gale Creek and Wilkeson mines are shown in figures 17 and 18; sectioms
of the coal beds mined in the Carbonado mines are shown in figure 19.

As noted in these sections, thin to thick shale and clay partings are
common in most of the coal beds in the Carbonado Formation and contribute
to the high ash content of the coal beds in the Wilkeson-Carbonado coal
field.

The coal beds for which reserves were estimated range from 2 to 8
feet in thickness (Beikman and others, 1961, p. 66). Most of the coal
beds vary somewhat in thickness and in the number and thickness of
partings included in the bed. The partings generally comsist of clay,
shale, or bone. Information is lacking on roof and floor conditions but
available data indicates that thin, friable, carbonaceous shale commonly
overlie many of the coal beds, and that many of the coal beds grade to

bony coal and carbonaceous shale at the base of the bed.
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Bandstode [T T
Shale ———

1'11* Ooal
Ry

1’3" Coal

Gale Oreek, Queen Seam
2nd gapgway south, chute 243.

Shale, sandy
Shale 5"

2’3"~ Coal

Shale, carb. 4~
Bone 44

Shale, bone
2'90”

Shale, grey

Ehale, carb. é
33"

e

‘Wilkeson Number & Seam, east dip
‘Water level at chute 7.

FIGURE

Shale

Shale, carb.
270"

Shale
Bobe

Shale 12"

Shale, carb.
26~

R

Wilkeson, Hi Davis Mine
Face of water level, chute 13.

Shale, sandy-

1-3* OQoal
Shale iy & Ooal
Shale, carb. 53"

107 Coal
Bone 8"
Shale, sandy

‘Wilkeson Number 4 Seam, east dip
‘Water level at chute 32.

17.--Sections of coal in the Carbonado Formation

264" Ooal -

at Gale Creek and Wilkeson
(from Daniels, 1914, p. 64)
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Structural attitude of coal beds

The coal beds are steeply dipping throughout most of the Wilkeson-
Carbonado area, with an average dip of about 60°. Although overturned
beds are rare, near vertical dips are common. The Wilkeson anticline is
the principal structure in the Burnett mines. The east limb of the
anticline is cut by the Burnett fault, a hinge fault along which the
strata on the east side are upthrown more than 1,000 feet. The west
limb of the anticline is cut by a westward dipping high-angle reverse
fault, and the west side of the fault is upthrown about 500 feet (see
section A-A', pl. 1).

The Gale Creek mine is on the west flank of the Wilkeson anticline
where the dip of the coal beds ranges from 25° to 60° W. The beds are
cut by the Wilkeson fault in the southern part of the workings. Both
limbs of the Wilkeson anticline were mined in the Wilkeson mines. On
the east 1limb of the anticline the dip of the strata varies between
20° and 60° E., and averages about 60° E. On the west limb of the
anticline the strata are more steeply inclined and dips of 85° W are
not uncommon.

Dips ranging from 25° to 85° are encountered in the North Carbonado
mine workings where the strata are tightly folded and faulted. Three
anticlines and three synclines comprise this tightly folded belt which
is cut by two high-angle faults (see C-C', pl. 1). South of the Carbon
River on the downthrown side of the Willis fault, the strata in the
South Carbonado mines maintain a fairly uniform strike southward and a
westerly dip that seldom exceeds 50°. The coal beds are offset by the
Miller fault which lies about 2,000 feet southwest of the Willis fault.
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Physical and chemical properties

Coal in the Wilkeson-Carbonado area ranges in rank from high-
volatile A bituminous to medium-volatile bituminous, and much of the
coal has good coking qualities. The ash content of the coal has a
range of 6.0 to 25.7 percent and averages about 12 percent. The moisture
content ranges from 1.1 to 7.4 percent and averages about 3 percent.
The sulfur content ranges from 0.3 to 3.2 percent and averages 0.7
percent (Beikman and others, 1961, p. 66). The average chemical
analyses of the various coal beds mined in the Wilkeson-~Carbonado area
are given in table 2. Analyses of mine, tipple, and delivered samples
of coal from the Wilkeson-Carbonado coal field are given in tables 3,
4, and 5. True specific gravities of several coals in the Wilkeson-

Carbonado field are given in table 6.

Table 2.—Averages of analyses (os—received basis) of coal samples from the Wilkeson-Carbonado

coal field, Pierce County, Washington

(Coal bed names used are those at Wilkeson and at Carbonado north of the Carbon
River. M—moisture; VM—volatile matter; FC—fixed carbon; Btu—British thermal
units. Sources of analyses are Fieldner and others, 1931; Cooper and Abemethy,
1941; and Daniels and others, 1958, )

Proximate (percent) Sulfur Number of analyses used
Coal bed M VM FC . Ash (percent) Btu in obtaining average
Wilkeson No. 5 --] 3.9 33.3 54.5 8.4 0.8 13,475 6
Wilkeson No. 4 --] 3.3 34.2 52.1 10.3 1.1 13,468 26
Carbonado No. 5-1 3.8 34.9 50.6 10.6 .6 12,910 4
Wilkeson No, 3 —-| 2.8 31.4 51.4 14.2 .4 12,637 18
Wilkeson No, 2 --| 3.7 28.8 52.4 14.9 .6 12,302 16
Wilkeson No. 1 --}2.,7 28.7 52.7 15.7 1.1 12,483 é
Morgan (No. 7) —| 2.6 29.9 | 48.7 | 187 5 12,398 6
Wilkeson No, 7 -~} 2.8 24.3 61.9 10.8 S5 13,410 5
Big Ben -~————u—o 3.7 29.9 53.3 13.0 .5 12,843 3

(From Beikman and others, 1961, p. 66)
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ne sariples from Pierce County, Washington coals

(from Fieldner and others, 1931)
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TABLE 3.--Analyses of mine samples from Pierce County, Washington coals
(from Fieldner and others, 1931)--Continued

Bample Proximate Ultimate Calorifia value i
3 - = | &
Location, county, Locs mine al £ é o _! Y- o
snd lown Mine Bed tion in g %é g Eg a y|l %l e g alwnl| 2 :Ea Eg
1 EdHE O HEHHEHEEN
= -
a1 3 22 & 3 2lg{dlZzi81]3|8 |a
PIEACE COUNTY—
contin
________ . 8Y.nne] os0|4s]omslarsfros] .4 49[623] L8
Carbonadn . .......| Carbos Hill____| Ne. 11.. - 40 feet sbove gangway. B ; EHEHEA R RHE 1 BR
’ 3 27.4]62.8 8] 57|80} 23
) + . JON Carbonade No. | Wilkeson.........-| Rib, 16 chute below 14| A }1 10573 [ 3.6 | 35.3 [ 47.1 | 14.0 .3
N tlet,
Do. _f do. ..do. ...?o:‘ll: .................... Al 10574 | 3.8 | 35.6 [ 48.8 ] 15.0 .4
- T de do. ¥ ite of 10573 and | A {1 10575 | 4.0 | 34.4 [ 46.9 | 14.71 .3| 56/67.41 19
T 10574. 2 3581489153 4| 83]70.2| 20
. 3 4.3 87.7 .41 63830 23
Do. Cart d M 4 crosscut, 8 chute, npper | A | 1| A12431 | 1.5|32.5|49.7 | 16.3 .5
nch.
Do.. do. do. weeeeee| 4 crosscul, 7 chute, Jower | A [1] A12432 | 1.4 [20.0|43.9(28.7| .8
: bench. ;
d It Al12433 | 1.4 130.5 | 47.2 | 20.9 5| 47647} 19§ 7.3 .1}6,489 | 11,080
Do do o oposite of A1231 sad | A | wo|ae|nz| 5| 4elesef 19f g2 fesm|insso
3 39.24 00.8 8] 8.9/8.4} 2.4 7.7¢.....18,301 | 15,050
Do do. do 1 Jovel, face, 13 chuts, 1 | A 1| As1187 | 2.5 | 20.9 | 50.8 | 16.8| 0.5 11.8)68501]12330 |20
Deo. do. do. .| 1level, fure, 11 chute....... Aj1| As188 |26 30.7)40.5]17.2] .5 1.56,783 | 12,210 | 2,510
Do. do. do. «-e| 1 level, face, main 1] A81180 | 3.9 | 28.5 1 46.8 | 20.8 -5 2716344 ] 11,420 | 2.7
tunnel.
Deo. do. do. Ci of A51187 to | A | 1] A51190 | 3.0} 20.7 | 49.0 | 18.3 .5| 50684 20| 7.8]1.9]86, 11,970
. ASl1189, 2 30.6{60.5]189 .8( 48(68.5] 20 5.3[..... 6,858 | 12,340
3 37.8)62.2]...... 6| a0{844]| 25| 6.5).... 8, 15,210
Do. do. No.4.... 1 tionofrocktunnel | A | 1| Al2435 | 1.6 |32.3146.0|20.1 .41 48]65.31 17| 7.7| .316,478 411,600 | 2600
and bed. 2 32.8|46.8 | 20.4 B 4716631 1.7 6.4 ... 8, 11,83
3 41.2 1888 | ... 8] 50(8.4] 21| 80].....] 8,272 | 14,89
Deo. do. do. ng 11 snd 12 A | 1] ASIIO1 2.7 | 3L4 | BL.4 | 148 .4 L5} 7011112620 | 2,760
utes, :
Po. do. do.... 3crosscut, 10andilchutes | A | 1| AB1192 |21 {33.3)5841]10.58 .4 107,472 | 13,450 | 2,510
Do. do. do - th of counter, inby 16 | A | 1| A51183 4]131L.0 515|151 4 127,022 ] 12,640 | 2,780
ute. -
Do. do. A0 C lte of AS51191 to [ A 1| AB1ID4 | 2.3 {31.8{ 526133 A[83 |74} 2.3} 7.4
AS51I83, 2 32.5)5.9)13.6 4181 ]73.0} 23| &6
3 37.6 | 62.4 .8160 |845] 26| 6.4
Deo. do. No. 8. 1level, 19 pillar, 3crosscut | A | 1| A51105|3.0]32.1}48.9] 160 4 .
Do do. do. 1 whut, face, counter, 31 | A | 1| AS51196 |3.3[31.7}49.8 | 182 .8
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De. do. do. 1 west, face, 28 chate, |A |1} ABlIO7 {3.1]32.8]50.2)13.9 .8
above gangway.
Deo. do. do. Composite of AS1195 to | A |1 | AS1198 {31323 {40.6| 150 .5] 83636} 21| 85
AbLI97. 2 33.3)51.2|15.8 B8] 81170.8] 221 59
3 30.5 1 60.8 .6 601838 26| 7.0
Do do. do. 2 Jevel south, 2 chute, | A [ 1| A61034 | 2.7]30.5{54.4]12.4 .81 83|7.7{ 23| 7.7
Douty. 2 31.3 560127 61 B1|73.7] 23| &6
3 35.9 | 64.1 L) 89844} 271 6.3
3 miles porth- | Crocker.........| Crocker. ...oc..--- Slope air course, 300feetin.| A | 1| AB6771 112.4 | 35.6 | 30.9 | 12.1 .6] 89|57.31 1.6]122.8
west of, at 2 40.6 1 45.6 1 13.8 ) 81)165.4) 1.8)132
rting. 3 41.1 ] 52.9 B8) 59758 2.1]15.4
3 milesouth of.| Fairfax_......... No. Leeeoeeeeo—--| South waterjevelcounter, | A | 1| A56855|2.9|21.3]63.8]12.0 71 491741} 25 8.8
5and 8 chutes, 2 2.0)657}123 .71 481763} 26| 3.3
3 251 |49 ... .8] 84]8.0f 29| 3.9
Do.. do. Na. 2. Nu;thw 8end 9| Aj1| AB56644 {383} 19.6|61.0]16.1 .4
chutes,
Deo. do. do. No;thm , 3 and 4| A |1 | A56845]| 28| 21.1 665} 9.8 .4
chutes,
Do do, do. ‘Water-leve]l counter, 12| A |1 ]| A56646 | 3.0 |21.0}62.8] 13.2 .4
and 13 chutes,
Deo. do. do, Composite of A56044 to | A |1 | A66647 |3.0|20.8 | €3.2 ] 13.0 4] 4917341 22 0.1
A 56640, 32 21.4165.2]13.4 4] 4717871 23] 3.5
3 24.7 1753 B 848151 261 4.0
Do do. No. 2 Below north waterleve,8| B |1 9607 | 1.9 | 23.3 | 64.5 | 10.3 B 80177.21 21| 49} .317,622]13,720| 2740
chute. 2 2.7]658}108 81 4917871 22 3.24..... 7,772 | 13,990
o 3 268118 8| 581879 24| 38| 8,683 | 15,630
Deo. do. Blackamith....... South end gangway from | B | 1 9600 | 3.3 21.0{63.0}127 T 49731 1.9 6,7]20)7,25 | 13,060 | 2200
rock tunsnel. 2 21.71651}13.2 TF 4T7175.7) 20 3.7 ... 7,506 | 13, 510
3 25.0178.0 8 84811 23] 4.4).....}8,639 1555
Do do. No. 3. Soziithm ,10and 20 f A 1 AB6648 /3.9 [ 22.2]63.7( 9.2 .5 3.6 7,589 | 13,660 | 2,300
chu! .
Do. do. do. Souhthtu 12end 13| A |1] AB6640 |3 0| 220 671] 7.0 .5 287,756 | 13,960 | 2,390
. chutes,
Do. do. do, Sﬁlgm w 1 and 2| A | 1] As60s0 3.0 (21.0)6568]| 0.5| .5 2.8|7,633 | 13,740 | 2.370
Do do. do. C of A50048 to | A | 1| AB6651 |33 [225}653] 8.9 B) 82)177.7) 21 56129765 {13,770
A 50850, 2 2.3|60.5} 9.2 .81 80[80.3| 22| 2.7|..... 7.911 | 14,240
3 25.7 1743 |......] .81 8.5)88.5| 24| 3.0} 8,717 | 15,690
Do do. No. 4 Water-Jovel counter, 1] A |1] As6658|20]21.9 647114 6] 8217581 227 4811.5]7,404]13,490 2370
Shate. : H ] Bt d Rl W e FOH] B ) e 48 EE
...... . 7 A .5 )..._.] 8,661 590
Deo. do. No. 8. SO&Q:W » 3 and 4§ A1 Ase6s2|29f21.2]06468]1L3 .4 237,40 xg“,:ao 2,380
Do, do. do. South lchute.....) A 11} Asees3izqiz7iesdlr0s] .5 39174737 13,450 ! 2,3%
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TABLE 3.--Analyses of mine sarples from Pierce County, Washington coals
(from Fieldner and others, 1931)-~Continued

Sample Proximata Ultimate Calorific value E
Locstion, count E‘ F § 8 a3 g?
mtion, county, Mice Bod Location In mloe gl 5, | g f g a £ 2E |5
ts 3 8 “sal g
213 2% [§|53°]% 2 Tag| &
] Sl {|1a 53 d = S 4 | F- i
dIS| 3 [sl2 (8 |9]3|%5)8 z|o |28 |a
FIERCE COUNTY—
continved
Falrfax—Contd.
3 milegouthof | Fairlax.......... NO, 8ecoeeeeeev..| Composite of AS6652and | A 1| A5e654 |3.1|20.7165.3/31.0}| 0.4 8.3|78.7( 2.2 8.
- ABS653. 3 21,4162.311L3 b1 8117811 231 3
3 2411759 .81 8718811 26| 3.
Deo. do. No. 7, Bouth end waterlevel | B |1 9608 |28 1185 /4541333 .85 39538 1.3] 7. 2,010
gangway. 2 19.0/46.8 362 .5] 3.7|854) 1.6] 4
3 28.9{ Th1 foocee. 1] s6)8e2| 24 .
1 mfle south of..| Mont No. 1 North water level, 4chute.| B | 1 0602 | 8.7 19.2{ 624127 .10 2,870
2] . 20.4160.1]13.5] 10}
Do do No. 2. Abovel 36chute, | B |1 9603 {30|181{68.2|227] .7 2,8%0
water level. 2 18.7 1 57.9 1 23. 4 .7
Do do. No. 3. 11 chute, above water-level | B { 1 0005 | 4.0 [ 181 38.519.4 .5 2,430
gADEWaY. 3 1896090} 20.2 .5
Deo. do. No. 4 2 6chute.........| B ; 9606 | 2.6 2:.2 gao }us .: I 2,280
3l 7.3 {11} .
¥4 mfile south of.! Prospect No.2..] No.2............ .| 35 feet from entry mouth..| B ; 12495 | 2.6 ;;: gzs 19.8 .7 eeea| 1.7] 6,589 | 11,860 | 3,000
3 41]20.4] .7
Do.oeeeee] Prospect No. 1._| No. 1 do. Bi1l]| 12406 |48 | 26.4]|60.7] 81] 1.1
3 27.7|63.8] 85 1.2
3 miles south of.{ Prospect M 45 feet from entry mouth..| B | 1 12478 [ 3.6 | 20.6 | 41.9 } 33.9 .8
2 2,4143.435.2] .6)
N Mel ¢ No. 1 End of north water-jevel | B | 1 9377 | 9.2 9.4|63.7}17.7 .7
. nni'uy. 3 10.3{70.2110.8{ .7
Do do. No. 2 2 northchute, upperbench.| B | 1 9576 {56 (120|63.8)18.6] .4
Do. do. do 2north chute, lower bench.| B | 1 9580 [ 6.0 | 11.8 | 66.3 | 15.9 .4 - -
Do do. do C iteo(9570and9580.| B | 1| 10412 {58 |126)847}17.0| .4| 41]68.6( 1.7 6,544 | 11,780 | ...
2 13.3)68.06[181] .4} a.7|728| 1.8 6,944 | 12,
3 16.3 | 83.7 5] 45880 2.2 8,478 | 15,260
Do do. No. 3 Pillar, 1northlevel, updip.{ B { 1 o578 [31/21.4{60.6{149| .3 6,894 { 12,410 | 2,410
2 2.1{625]|154] .3 7,111 | 12.800
De do. do. 1 north Jevel, 50 feet above | B | 1 9570 {3.7]23.6|50.2]158 4] 5.0{71.8) 1.7 7 12,750 | 2,750
gangway, 3 24.5|6L.5[140] .4 47]|743| L8 ,456 | 13,240
3 28.5| 7.8 4] 5884 21 8,550 | 15,390
Plusbu;?. 34 mile | Black Carbon...| Black Carbon..... 6 fest above gangway, | B |1 9802 |51)328)30.1)23.0] .5| 48)52.3] 1.7 10.440 | 2,760
west of. 1,250 fect from mine 2 M64L2({242| .6] 4.4|00.4| 1.8 6,111 | 11,000
mouth. 3 45.8 | B4.4 1. _ . S| 881707 2.4 8,061 | 14,310
b > T Pittsburg....... Pittsborg......... 1 level gangway, beyond | B |1 9804 | 4.7 | 32.7 (422|204 .8| 49]|5.2] L8 6,033 | 10,860 | 2,960
13} chute. 3 A4.3144.3 214 .6] 46|621| L® 6,328 | 11,3%
3 43.7]883]...... 7] &8 7.0 25 8,050 | 14.490
Do do. Lady Wellington__| 1level, 1 crosscut,324and | B | 1 98995 |-6.7132.8 ) 42.0 ) 18.5 4] 80)£8.9) 16 5,911 | 10, 640 | 3,000
33 chutes. g %: &) 1.8 .4 Lg %g 1.8 0.% ltg
2 6| & 22 %
Bouth Willis__.____.| South Willis_._.| Windsor._ Lower water-level gang- | B |1 9006 [ 3.2130.2 454 21.2 4| 48)62.6] 16 6,244 | 11,240 | 2,300
- way, beyond 11 chute. 2 3al.2)469121.0) .4 46|64 6} 16 6,444 | 11,600
3 991601 |.....] .5 &9|82.7| 21 cee-of 8250 | 14,850
Wihikeson........... ‘Wilkeson.......] No. 1south level, west dip....] A } 1| A52877 ) 22} 27.4 ] 83.3 1} 21 e L8] 6,704 ] 12,230 | 2,450
- do. o, 1south gangway, S4chute.| A | I | A52878 [ 20 ] 28.4 1 56.4 .2{ L8 11172813120} 2330
do 1 slope south, 52 chute....| A | 1] A52870 | 1.5 20.1| 85.1 1.9 .9} 7,180 | 12,940 | 2 500
Do. 4o aneen. .. o Comgaxlus of A82877 to ! A 1| A52880 | L9 ] 28.5] 54.8 19| 63/70.6| 20| 54| .9f700¢| 12770
Ashn. : S E e R Ea R R v b
X 2 5 2 .6 |.....|
Do. do No. 2. East water level, Jower | B |1 9903 | 3.6{10.1}6L2 .8 441705 Lo} 66[28)|6B8412320/270
b ; HEHR R R ] R R s
2 .6} 80]87 24| 4.3.....
Do do do. East water level, upper | B | 1 o004 {31} 185 549 4 6,128 | 11,030 | 2,760
_ bench, 2 19.1] 56.6 .4 6,322 ; 11,380
Do do do. water Jevel, 105 | B | 1 905 |3.7]27.1) 56.6 5181|728 22| 1.1 7,211 | 12,030 | 2,850
- ; AR FH R R AR E
. .5 [ 2. 3
Do. do... .. do_.. Gangway, 28 chnte, 2| A |1 A52876]2.56| 27.8] 56.4 B5f 5.3(720f 21| a8 7,122 | 12,820 | 2,680
. : P U R R
X A .6 0 2.8
Do do No.3_. Southeast gangway, 19 | B |1| 000123245854 .5 6,811 | 12,260 | 2,070
_ chute, Jower me. 2 25.1 (566 .8 . ) 8,972 | 12,550
Do do do gangwsy, 19 (B {1} 9002|256 27.7}6L3 s T 21| e e e 7,717 | 13,800 | 2,290
chute, upper bench, ; m.d 02.8 .g 21 7&: z; ;; ..... ;::g {2:.2.23
3 689 . 6|88 2 B ¥ I %
Do. do, do South end, esst gangway..| B | 1| 9000 53| 20.4 | 50.3 (8] 45|60.8] 19| 83{ 436833 12300]|24%0
: 3 2.6/626|156{ 5| 42|77 2.0| 38 ....j 7,217
3 %614 o dolsrel 241 451 18572]{154%
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TABLE 3.--Analyses of mine samples from Pierce County, Washington coals
(from Fieldner and others, 1931)--Continued

Sample Proxjmate Ultimate Calorific valoe i
-
K : ag 3'
Location, county, Mine Bed Locatlon in mina 5 E g |8 g 2 -5 | =5
38 |Elss|o8] | BB 8 8)e)5] 8 |zl
a a a < —a
-] ° K] w1 9|2 & < | ~os 5
5 Sl 3 =2 (= lg|8|&(z)8|29]|3 |=
PIERCE COUNTY— .
continued
WHKes0D e Swuthgmgway.loounm, Aj1] Asoss1]|21]30.4]|518]187] 0.4 1.1]| 690 12,450 | 2,620
68 and 89 chute.
Do do l;ontlé{m[wny.uchuu, A|1} A52882127)304]523}14.6 .4 . 1L7|7011] 12620 | 2230
AN 0 crosscut.
Do. do do... 664 manway, 3 south | A | 1| Assg3}20)289)505)186) .5/ .9 6661 | 11,990 | 2,000
nNEgWAY, -
Do do do... Composity’ of AS2831 to | A |1| Asssa | 230302) s12]1a3] 5| s3f{mof 20| 69|12]assa|iz0
AS52883. 3 309|224 |167] (5] s2)70e] 21| €9 ] 7,044 | 12, 680
3 37.1 | a9 ... 6| 62|87| 25| 60| | R456 | 15220
Do do. No.4.. llovalﬁl ter,26%5and | A | 1| Asono0 | 28| 327 ) 504 |H0T| 11 237 7,067 | 12,720 | 2.210
27 chutes.
Do do. do xmzhd]"el,gmmg, AJ1] As2700 | 3.6 34.3 519108} LO 3.0}7361| 1325} 2410
18 and 19 breasts.
Do. do do. lsouf.hdlave‘l’, 12crosscut, { A 1| As2201 | 3.7 34.7 [ 1.4 | 102] .8 29} 73m2{ 13,270 230
and 19 breasts,
Do do. do Composite of A52609 Al1] aszoz i3 s|anslsnaf{el Lol 59)73] 1.8] 8.4127]7250] 13.0%
ASZ701, 2 3¢.9(s531{120( 1.0| 68738 19| B&(.—em. 7,506 | 13.510
3 30.7}60.3|......] L1| ae6fgyxs] 22| a3 7] 8528 | 15
Do do No.7 100 feet sonth of rock tun- | B} 1] o8 | 59| 232|eL1| 08| .4| s1fr0] 22| 85| 49]7317|13170] 2280
nel. 2 206(es0f10.4f ‘4] 7|77 23] 5. 778 | 14,
3 206§ 725 |-eaee- 5| 5388 26| 38 "] 8678 | 15,620
Do do do 25 hreast, 1 counter, 7east | A | 1| As2703 | 20| 245 602|903 5 i8] 7,672 | 13,810 | 2,410
ANEWAY.
Do do do... ra'e.,";' 7 east | A|1] Aszrot | L4 | 246] 600 130] .8 1.0] 7,344 | 13,220 | 2,700
ANEWAY.
Do. do. do. 1 Yovel, 25 breast, 7 east | A | 1| Afzros {30 {204 {sas|1as| .5 257,167 | 12,900 | 2,610
RWAY.
Po. do. do -} ooanter, 31 chute, 7aouth | A | 1] Aszrs| 1o )28 |es] 85| .4
WAY.
Do. do do... Composite of ASZ7@ to| A | 1| Aszros 22| 244] 623 o) 52|l 22| &8
A52705 and A52875. 2 2.9 ] 637 6} Bl 22] 36 A
mile west' 500 feet south of water- | B i 9697 1 4.7 %g ;’}'3 5 l'g ?g l‘sﬂ %g xﬂ) s.gozg 13,5:0 2,700
- . U d et south of water- . .8 | 37, . . . . 5, ,
3 mile west of...| Brier Bt level opening. 2 3.3|388| 29| 12| s0|ss0] U8} g1 & 3561 | 10,010
3 448 854 L7| s7)ms] 26118 7,93 | 14,2%
Do..eeee... Gale Creek.......| 1 level alr course, southof | B | 1| o008 | 55304 ) 500| &1 8| s7{72| 1o]123 7,233 | 13,020 | 2,300
auxiliary slope. 3 85)50] 85} ‘9] sels4| 20] 78 7,65 | 13, 780
3 2.1] 8.9 9] E9lB24]| 22] 86 8,367 | 15,060
Do do No. 2. 2 level gangway, southof | B |1{ 9000} 3 0]350]551| a0 10| 56}750) 20104 7,639 | 13,750 | 2,590
rock tunnel. 2 36.5]67.21 82| Lo| Ed4|7 0] 20! 74] .. 7,844 | 14,300
2 north level, piller, 3and | B :1‘ o910 | 2.8 g‘: g&é 0.6 H 51183 38 'ﬁ EXY 5’2-73 :;ﬁg 2,220
.............. d0.cneeeuna..| Queen. .. ... A an 3 . . . .,
Do Q et PUIsD 2 34.8155¢4) 9.8{ 10( 53{760{ 21| 58|...- 7,689 { 13,840
3 35|06 2| 59)8e3| 23| 3| I’ 862 | 15,350
Do do do I&mh gangway, new | A [ 1| W32} 24 (357521 98] .9 556
Do. do. do o.. Ajr|wawezz|24(358]|516]|102| .90
Do o do.._ lbbreusi;lnormeounm. Afl1|wawn|2e|3s4!s7]103] 8
new 8. .
Do do do... oy it Ajl|waed|2al3ssis2i]wo] .9
Do do. do Pillar, 10 breast, 1 north | A |1 |W31925| 29357} 51.8| 9.6 .7
ay. R
Do do. do e 4 Alr|wawsl27{358]s.0| 0.8] .7
Do do. do. 1 left air course, below 1| A |1 | W32106| 24| 34.9] 524 | 10.3 L0
north gangway. .
Do do. do Pl{ln,lh 1breast,| A | 1{W3z107 | 26 [ 355{63.1| 88] L0
north,
Do.........] Y " P T do C pposite 2south | A | 1 [W3az108 | 3.5 | 34.8{52.2| 9.5[ .9
AY.
Do d0.nnn do Composita” of w3te2i-| A |1 [wiaoo|ro|asa|e1]| s0] .of s7]m1]| 22] a2
: W31926 and W32106- 2 358|s1{101]| ‘9| s6[756] 22 46
e ol nv}vakaoa. o 513 3.8 602 10 63|851] 23] 51
- eaeceaeae o] Boell. e eet from en! C8. .cve.
3 miles soutd- | Baell 2| ome{e7|28|s00{18] .8 54642211500 280
- ne|a7ig?| .8 6,880 | 12, 400
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TABLE 4,--Analyses of delivered coal from Pierce County, Washington
(from Snyder and Plein, 1931)

[y
Where mined 5 m::‘:.ﬁ"”" Calorific value, per pound 'g §
Molsture §
g g Dry ecal Asrecsived | Dry coal free snd '§ Placs of dalivery Dats of
Bise of coal 32 ash free g delivery
County and Mive Bed éé - |°
tomn safzs] (2l s T2l a2l 228
B EIIHEIE SRR E IR
< |2 £8 l-.a 3 a2l d |0l dfjo|d O]
1 2 3 4 s [ s ]2 || 11 1 1= " " 1 1|18 n »
PIERCE
couNTY 5A “J .
Burnett......| Burnett.....| Nos.2and 8 | &0 1{ 3.0 484 1268 .4 12 [y 12,080 7, 194] u.od 8, 1 Tipple (bins and carsat mins). ...... Js“nl;u!.
Do. do, do. 7.7/37.2 80.5) 12.3 .6 12,310 6,839 13,340| 7, 411} 15, 210] 8, 4% 1 do Do,
Do. do. [\% | 27]40.3) 46.6) 13.1) .9 12,000 7,000 12 9401 7, 189} 14,890} 8, 16 Fort W. H. S8eward, Alssks.. 1913-13.
P 4 Lompe: ™ 14 oy e s ‘11| Fort Liscum, Alaska..... -2
Da.. do. do. 0. 1,050 2.4| 30. 5 46.7| 13. 8, 10| Fort Lawton, Wash. _. . 181314
Rup of mine 587l 2.9 3R.8) 40.9 1L 8 12| Fort Stevens, Oreg... .} 1911-12.
Do.. . do. 1471 17| 30.3] 48.7] 12 8 3] Fort Liscum, Al - 1912-12
o do. 9,218 12 .00 46.9 14 8 20 w.si‘““;'ih as xngmufm 1913-14
b . 8. 3
Do do. do. do. o9 40 387 47.8 I8 L1 12350 4 881} 12 860 7, 144] 14, 870 8, 281 17] Urst:em' Hospital, No. 77, | 1925-28.
ortlan:
De. do. do. Bteam (washed) 608 5.0 388 483 120 .9 12430 6,906 13,0801 7,267] 15,0200 8,344 ... 10 Fort s, Ofe, 191213,
De. do. do do. §33 4.5 38,4/ 480 13.6) L 1| 12 390( 6,883] 12,970 7, 200( 15,020] 8, 344(..____ [ S T R m:—u
Do. do, do. do. 455 2337.8 482 140 L3 12 430 ¢, 906 12 850} 7, 139 14, M40f 8, o U. s Vela-.m' uaeplul. No. 77,
Deo. do. do. Bteam (mt 45383 47.4 1431 L3 12,350 4 881} 12,030 7,183| 15,000 8,383 2,390 1 'l‘lpple .............................. March, 1922
Carbx Carbonado..| Morgen...._._| Nunhnm:h?eg-lnchlnd eeeeee] LO{ 3200533 1490 .7] 12,000 7,050 12,930 7,183] 15, 100} § 439] 2,260 1 d June, 1925,
i fras
Do. do. Mor Nut lhrouch 2%-inch | 5000 6.5 228 529 1.8 .5 12,190 6,772 7344 1 el 2, do. Apr. 23, 1929.
Nu.! round-bole and over 3~ 67 1nog % s,ﬂ)]l, pe- B
inch square-hole screens
De......].....do do., Buckwheat through 5500 9.5 3.1 543 126 .4 12,000 6 7001 13,330 7,406 15,200 8,478 2 780{ 1| do. De.
%m:h sqnare-hole screen
was Y
De.......| Carbon Hill-] Wingata..... anpoml-lnchacmcn.. 1300 321371 83.2 9.7 .6 13,320 7,400 13,760, 7, 644] 15 240 8, 467] do. December.
g'rbw;sdow 1900.
. ines),
Deo. do. <o Lump over 1}{inch bar | 2,321] 29 4023 60.5 9.2 .6 13,200 7,333 13,500 7,550 14,970 8, 317] 26 Fort Lawton, Wash,, and Fort Lis- { 1512-13.
screen. . cum, Alaska,
Do. do. do, Steam (washed) 630 49 W2539 120 K 12490 8 %39 13,130 7,204] 15,070 8, 2 TIDPIS. oo emememacaememnaasanannnd] D;;;mbu.
Do.. do. do, Bteam (washed)..........| 5,207 48| 37.2 518 11.0 0.7] 12 710| 7, 061] 13,310| 7,394] 14, 060! 8, 311 46 r%r: 8‘. sv:'n&mmud Q. M. 1911-13,
pof
Do, o. do 250 2.3 3.5 504 131 .3| 12 340 & 855 13 030] 7. 239) Seattle or Tacoms, Wash
Do. do. o.. dn 2478 5.1) 3.5 49.2 133 <4l x;:m &soo 12, 900( 7, 167] % M. depot, Beattls, W'
Do, No. of mine............ 50| 4.7/ 30.5 52.8/ 18.7) .5 12 130 8, 739 12 730] 7, 072 enver testing plant... ¥
Deo. «-..f (Various)....| anpovuz-znchm 3000 47321 514 16.8 .5 11,860 & 689 12,4401 &, 011 Tipple. Dene&mbor.
Do. do. .do. Lump over 134-inchscreen.| 2,6021 4.8 37.1} 50.2] 12.7) .6] 12,360( 6, 857] 12,980 7, 211] "” “m “; ?;‘F%r‘tee:;: 1916-17.
n,
Fairiax.... | Fairfax ... No.3.__..___| Black thmu b )l!»ﬂnch e-nae| 350 23.4) 00.7] 0.9 13,820 7,511 14,010 7,783} 15,550 8,630).......| 1] Tippie (bunkers st mine)...........| December,
Screen “
Deo. do. Noe.2,3,and | Nut snd shck through | 100 4.6 2L 5 60.8 17.7) ,5{ 12,000 6 717] 12 680{ 7, 044! 15, 400! 8,858 2,8100 1 Tipple July 8, 1929,
8. %-lnchardo;md-hohlu«n
'wash .
DPo....... 3. No. 2. Nut and slack through 50 6.7/ 10.00 8.3 22.7) _g] 11,030 6, 1391 11,840 6, 578| 15,320{ 8, 511 1 do. December,
13%-inch sczeen (washed).| 1908,
Do, do, Noe. 3 and 4 500 5.4 2100 5.9 131 .5 12 380 7,156 l:uw 7,561 15,6600 8,700f_..._. [l do.
Melmont._.__| Melmont...[ Nos. 2and 3._| Steam (washed). . ......_. 400( 7.1| 22.01 57.8] 20.2| .4] 11,330] & 294 200) c,ra 15, 200( 8§, 494| 1 do. Do.
Pittsburg....| Pittsburg...| Lady Wel 100{ 7.8 33.9f ¢4.00 22.1] _4| 10, 270{ 5, 706 u.no 6, 189| 14,3001 7,044 . ____ 1 do J;;:mnur.
Bouth Willls Nutnnd lhck:hmuxh 4| 500 7.1 306 452 202 .5 10,380 5,767 11, 170 8, 206| do. Dum ber,
.................... 708) 2.6 38.1f 52.6 1141 .9 18,330 7, 406] u,m 7. 606| 2] 8 , Oreg. 1913-13.
Nﬁ?mm’” 895 2.8| 35.4| 83.4{ 1L 2 % 13,2601 7,367] 13,050{ 7, 583 Tipple June, 1912
ol "
do. 895 391383 6201 IL7) .9 13,000 7,272 13,620 7, 567| Navy Department, Tacoma, Wash _| July, 1912
do, Steam 502 3.6 36.2] 51.3) 128 .0{ 12 600 7,0508 13, 440 7, 467] Fort Oreg. 1912-13.
Nos. 3,4, and | Nut through 3-inch round- 500 211322 350 12.8 .9 13, 150( 7,308] 13,430] 7, 461 Tipple. Nly s, 1929,
7 hole and over M-in g
lqunn;holu screen
do. 8team, crushed to }4-Inch 50 3.6 311 MO .9 0 12560 & 078 13,050 7,239] 15,32 8,511 2, b do. July & 1920,
squarehofe acrecn ﬂ
do. Coking h 34inch 400 7.8 3201 54.7 13,3 .90 12,250 6,806 13, 280! 7,378} 15,330 8, 517 2, do. July 8, 19,
squsre-hole screen R . nj
do s ugh 1000 7.5 31.20 54.8 1401 .7} 12 210 8, 783 13,100| 7,328] 15, 350( &, 828] 2,620] 1 do July & 1929.
square-hote screen .
Nos.2,3,and | Slack through 15¢-ineh |.____]| 66 250 e s 108 .4 7 i ins at mi .]Jsnua
Ly 33, aaroan (romeshed). 12,3301 6, 850 13, 200§ 7, 333} 15, 440f 8, &' 1| Tipple (bins at minc) ;'l:“ ry.
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TABLE 5.--Analyses of mine, tipple, and delivered samples of Pierce

from Abernethy.and others (1958)

County, Waeshington coals

Proximste, Ultimats, Mineral-mat-
pereent percent Fusibility of ash tar-free
o
- - z
. e Calorifie 3
h
H 5 g . H . i valus g
County, tewn, and mine Bed 8ize or awl::r descrip- 3 s | & i ] . 5 8
e - ; ;1.1 8 [° g é
4 8 § a ] g§ S i -5 ] P
=] = * 12
8la| F :l2 e g 25 e |2l e
g ¢ Fl < |SE{x | £ [8)<|45] =
S|=| B E [ gl 2 3 o ]
i A HHEAHHHOHEIER LR A MR
- ° = " - F- b3 . .
Mid| S |EIS|n]< m|{0|z|6]S6 |8 & [ I I P K]
1 3 3 4 s|e] 7 |s]ojwoin|2fizjujrajref 17| 18 1] 2 |nln|a 2%
PIERCE COUNTY
Carbonado:
Carbonad Run-of-min pl 1 2.134.1120.0113.8] 2 12, 740 109
11 19 .8{51 1/14.1| 2.8 13,010
Deo. do. D 2.0[34.1{49 2(34.7| .9 12, 600 110]
2 . 8180.2(15.01 . TP DN DURPURR IOUORDRY JOR NOSDUY IR IS
Do. do. D 4.2(33.7)46 3)18 8| . 8. 11,030} 113
2| 3...... ....j35.2/48.3]18.8] .8 LE"" OO DR SO NN ORI IO APPSR
Wilkeson:
5 2P No. 2, east dip Hvab M| | cx |82z 4saolie s 7] 8.2'88.3) 20] 9.6]12240/2 470 |2 820 [2800 [67. 1]18 48014, 520
27 28.856.0{16.3) .7[ 4.8(71.8] 2.1{ 6.4
3 |3¢.olca.of....| .8 8.7j84.7 2883 N
Do do Hvad M| W Cr|4.-a2moles 7117 8. 14,820 B
Do. do. HYBD |l eemcoamnaanso s M Cx | 4.8/37.0(st.0/14 2| .6 oo 830414, 840 B353209]
Do. do. Hvah | Composite of B34, | M Cg | 4-8l27.4|84.0(13.8 .6 5.2i60'4| 20| 0.0 14, 710 D33207]
B83208, and B53208. 2o ..-.|25 8i56.7(14.8] .6 4.9{72.9] 2.1| & 0|
30.7)06.3|_...] .7} 888523 2.4} 8.8 oaedd
Ohamp Champ Hvad Cg | 4.7{20.1/4¢.3120.0| .8| 8.0{62.6 1.8} 9.3 14,650{ C34014
31.6]46.4]22.0] .8{ 4.7]65 8} 1.8} 5.1
T |40.5150.8)....] 1.0 8 aled. 3| 2.0f 8.7i1 .
East Millor No. 8....] No 8 (Miller), sast dip. 186-Ineb lump.......... T 26.9|50. 8{24.0f 1.8 4.9|71.6] 2.0} 6.0| B0
27.6{38.0{14. 4| 1.6[ 4.7{73.3] 2.0| 4.0|
Cj32.2j67.8)..| 1.8] & 5[85.6 2.4} 4.7]18,
do. 136-tnch by 0. T 28. 2{51. 8{17. 81 1. 11, B327)]
jan7jea 718 6 17]L ol R S SO IO
No.3, westdip......... Evab M 28 438.9/14. 6] . 4] 4.9{72°8] 31} 8.8 67.3)i8, 300(14 200 Ciois7
28.7|56. 8[14.7 .5 4.9/73.3[ 2.1] 4. §|
.jaariesal. | .8l & 7iss.0| 2.8 8.3 |
8par Ohampl Hveb M Of | ¢’1jas 948.0{14.0f . 7] 8.3(67. 8 1.9110.8[12 87. 1|18, 230| {4, 490 D31103
. 4l4s.0l14.6] 8] 8.1{70.4] 20| 7.1
- 43.8156.20_.. | .of 6082423 safremol T LT o b b ]
‘Witkeson-Miller.....J No. 5 (Miller), west dip.| Hvab M| 1 Cg | s0j367]522 61 .7 6077 22103 80. 2113, 48014, 830} B3302
38.7|64.9) 6.4] .7 B.8|78. 7} 2.3{ 8.1
41.3(38. 7] .8 6.1yse.1 24| 6.8
Do. do. Hvabd UM Cg | 3.7136.3183. 2 1 60. 1
Do do Hvab M Cg | 4438 3]52 8 1.0| 8.9}74.9] 2.1} 9. 6]13, 680 50. 815, 480{14, 760{ B33077]
138 2/ss.0 10| 86782 2.3] & 11 320 | |
R B B R S -.-lLol=.0 1l ealsaal 2.4l 6 4lig 3ml ] TTII0TTII N | S N | SUROON IS
Wilksson-Wingate...| No. 4 (Wingate), enst | Mvb M| 1] Og |24¢n.3lsrs 27] 4. 8/68.0] 1.8] ¢.0{12120|2,210 (2260 |2 380 |78 3[15, 860|185, 870 D26634,
dip. 4 21.9{88 7 28] 4.23:00.7[ 1.0l 1.9/12 420{.... eed]
3| 22.8{72.9)....| 3.8 & 4188. 8] 2 4! 22018 410 | ...l
Do. do Mvb M| 1f Cg |2621.8¢c08 2.4 €.0i70.8] 1.9 4 3]12 63012700 {2230 (2,490 {75 1{14 810(18 3i0] D2y
72 4/60. 9] 2.4] 4.4172.3] 2.0/ 2.3)12 870
28,073, 1).....| 2.9 8.3[80.9] 2 3| 2 6]13 400
Do do. Mvb | 3-ineh lump........... T g Ce¢ ug:g%.} l.n g:mum 2,80 |2,710 [74.318 790/13,620, Bo2es|
...... [, . . 0] P P .
Do. do. Hneh by 0. T ¢T3 um.cla: -8] 8.0iea 9| 1.7/10.1/11,840/27400 |2,740 2,680 B03209)
- 72 1[61. 1| .ol 4 672 6| 1.9| 3.4/12 840
20,673, 41| 1.1 £4;87.3( 23] 4. 1)35
Do.eceeeene-n oe-.] No. 4 (Winrate) 1%4-inch by 0. D 4.8{25.8{51.8 2. 11, 2, 310 113}
10 27. §[84. 2| 2 12, 10
Do, do do D 8.3|25.0[52.9 2, 11 200 -y
ul 1 20. 4|55, 9 2 12, 620 13
Do do do D} Y......] 7.3]13.9;52.9{18.0{ 2. § 11, 830] [2, 200 134
11 28. 8157, 0] 2 12, 760f 18
De do. do. D| 1 £.0{24.0[64. 3 2 12, 118
1] 9 _jas.3)r.1 24 e - Th2,800f
EXPLANATION OF SYMBOLS USED IN TABLE OF ANALYSES
Mvyb—medium-volatile bituminous. M, mine sampie; T, tipple sample; D, delivered cosl. Cl—tair s
- g faced figure ‘mb 1 caking.
Hvab—high-volatile A bituminous. The bold o the of A Cc—gooduki%g.’

1, Bample a3 receved; 2, dried st 108° O.; 3, molsture- and ash-free,
Seoftening  Semperaturs, bold-faced figure fndioates the number of deilveries sveraged.
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Specific gravity of coal.--Table 6 gives the true specific gravities

of several mine and tipple samples of Wilkeson-Carbonado coals deter-
mined by the standard method (Fieldner and Selvig, 1951). The specific
gravity is given for the dry coal, and for convenience of comparison the
dry-ash value also is given. The proximate and ultimate analyses of

these coals are given in table 5.

TABLE 6.-=True specific gravities of several Pierce County,
Washington coals from Abernethy and Hartner (1958)

© > ;
2 £l =z
E . E By
County and town Mine Bed 2 Size of sample | ® §
s e8| E
Z »| 8| 2
' Ao -
1 2 3 4 5 6 7 8
PIERCE COUNTY
Wilkeson._ . - __.... Bartoy.__._._...... No. 2,  esst dip. ... M | 15. 2{1. 39| B53204
esgf‘_ ______________ dz ........................ l_’ ...... M | eeeeeel 12. 3{1. 35| B53205
) 57 T do - _._ B PR do ............. M| 14 9{1. 38/ B53206
Do ... Champion______.___ Champion____._____ . O I 22. 0[1. 44; C54014
Do East Miller No. 5___.] No. 5 (Miller), east | T | 1%-inch lump_______ 14 4]1 40| B95270
dip.
D 57 M IR [ [+ T E p ............. 18. 6{1. 42| B95271
Dooe - Skookum.___________ No. 3 west dip_...... 14. 7|1. 38] C16487
Do .. Sparton____________ Cha.mplon .......... 14. 6/1. 38/ D31102
Do .. ilkeson-Miller_____ N% 5 (Miller), west 6. 4]1. 29| B53925
ip.
DO faee dooce | % [+ S M 7. 1|/1. 31 B53926
Do Wilkeson-Wingate___| No. 4d| (Wingate), | T | 2-inch lump__.__.__. 18 1|1 43| B95268 _
east
Do doo o ________ do_ .. T ! 2-inchby O____.____. 16. 8/11. 42! B95269

1M, mine sample; T, tipple sample.

Friability of coal.--The relative‘friability of several coals in the

Wilkeson-Carbonado coal field is shown in table 7. Friability refers to
the degree of reduction in size of freshly-mined coal as a result of work
done by external forces, such as impact and attrition (Yancey and others,
1932, p.18). Different coal beds in the same mine may differ considerably
in the friability of coal as is shown for the Wilkeson mine in table 7.
Samples collected from four beds in the mine gave a range of friability
from 61.7 to 84.6 percent. The No. 4 coal bed was the least friable.

Many of the bituminous coals of Washington are more friable than the

average Eastern bituminous coal (Yancey and others, 1932, p.39).
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TABLE 7.--Results of friability tests of mine samples of coal
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(from Yancey and others, 1932, table 2)
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Melmont area

Location and coal-bearing sequence

The Melmont area is south of the Wilkeson-Carbonado area and
although some of the mine workings at Melmont are within three-fourths
of a mile of the southern part of the Carbonado area (fig. 9), the
stratigraphic relations between the two areas cannot be determined
with certainty; Daniels (1914, p. 41) pointed out that the coal beds of
the Melmont area seem to underlie the coal beds of the Carbonado area
and are probably in the lower part of the Carbonado Formation.

A generalized section of the principal coal beds in .the Melmont
area is given in figure 20. Coal reserves have been estimated for seven
coal beds in the area. These beds range from 3 to 13 feet in thickness.
Sections of coal measured in the Melmont area are shown in figure 21.

Most of the coal produced in the area came from the Melmont Nos. 5 and 6.
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Figure 20—~Generalized section of principal coal beds in the Melmont area,
Pierce County,Washington
(From Beikman and others, 1961, p. 69)
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1.1  Ooal
gg::: 2”  Qoal 110" Coal
Shale 13" Coal
1’3"  QCoal Shale, sandy
Bone 1n” Carbonado, Number 1 North,
Shale (Wilkeson 1), 150’ aouth of tunnel.
1-3” Coal
Shale 6 Coal
Shale @ © .l
" oa
Shale Shale
, 8” Coal
18" Coal  ghae 1¢ :
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Shale 3_‘1“}}95 c‘drb"
th har
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Carbonado, Number 2 North, 8 Coal
(Wilkeson 2), at chute 24. Shale 1” )
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Clay 1”
Shale 107 Coal
Shale, carb. 2”
S‘ha‘:e, s%ndy
. g with carb.-
z4" Coal streaks 40
Melmont, Number 1 Seam,
Shale, bone 2" at face of north gangway.
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2'-4” Coal,
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ahale bands  Shale
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” 6” Coal
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dirty
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Melmont, Number 4} Seam,
south of rock tunnel.

Melmont, Number 2§ Seam,
north of rock tunnel.

Shale, sandy

Melment, Number 5 Seam,
at chute 1.

FIGURE 21.-— Sections of coal in the Carbonado Formation
‘at Melmont ( from Daniels,1914, p. 74-75)
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Structural attitude of coal beds

Maps of the mine workings reveal complexities of structure in
secs. 9, 10, 15, and 16, T. 18 N., R. 6 E. In the NE car. sec. 21,
T. 18 N., R. 6 E., the Melmont tunnel (Blossberg tunnel) was driven 1,600
feet eastward from the tracks of the now abandoned Northern Pacific
Railroad on the east side of the Carbon River. The tunnel intersected
a high-angle reverse fault about 275 feet from the portal and then
crossed steeply dipping beds that exhibit small tightly folded and
faulted anticlines and synclines (Gard, 1968, p. B26). The average dip
of the coal beds in the area is 55°.

The largest igneous intrusive body in the coal field crops out in
the Carbon Gorge west of the Melmont area in secs. 16 and 21, T. 18 N.,
R. 6 E. It is composed of quartz diabase and forms a sill at least
950 feet thick that can be traced along the gorge for nearly 3 miles.

Physical and chemical properties

Only six analyses of the coal beds in the Melmont area are available.
These few analyses indicate that the coals rank from medium-volatile to
low-volatile bituminous and that the area contains the highest rank
coal found in Pierce County (Beikman and others, 1961, p. 67). The ash
content of the coal ranges from 14.9 percent to 18.6 percent and
averages about 17 percent which is somewhat higher than the average ash
content of the coals in the Wilkeson-Carbonado area. The moisture content
of the coals in the Melmont area ranges from 3.1 to 9.2 percent and
averages about 6 percent. The sulfur content ranges from 0.3 to 0.7
percent and averages 0.5 percent. Average analyses of the Melmont
coals are given in table 8. Analyses of mine samples of coals in the

Melmont area are given in table 3.
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Fairfax-Montezuma area

Location and coal-bearing sequence

The Fairfax-Montezuma area occupies the southern part of the
Wilkeson-Carbonado coal field. In the past, mines were opened north and
south of the Carbon River in the vicinity of Fairfax, in secs. 26, 27,
and 34, T. 18 N., R. 6 E. The Montezuma area is just south of the map
area (pl. 1) in sec. 2, T. 17 N., R. 6 E. The coal beds in these two
areas occur in the lower part of the Carbonado Formation, but the strati-
graphic relations between these areas and the more productive mines in the
Wilkeson-Carbonado area have not been determined.

More than six coal beds have been opened or mined at Fairfax and
Montezuma, however, the total number of beds present is unknown. Although
the mine workings are close together, the complexities of the structure
and lack of data make correlation of coal beds between the mines
impossible (Beikman and others, 1961, p. 79). It is generally agreed that
the coal beds in this area lie stratigraphically below the coal beds in
the Wilkeson-Carbonado area. Sections of coal in the Carbonado Formation
at Montezuma and Fairfax are shown on figure 22.

Structural attitude of coal beds

The mine workings and scattered prospects in the Fairfax-Montezuma
area indicate that numerous small north-trending anticlines and synclines
are present and that the strata are cut by many faults. The dip of the
coal beds is usually more than 60°. Mine workings at Fairfax penetrated
gravel on both the north and south sides of the Carbon River, indicating
that the coal beds have been eroded to an undetermined depth along the
present river channel (Beikman and others, 1961, p. 79).

Physical and chemical properties

- The coal in the Fairfax Montezuma area is of medium-volatile
bituminous rank and is reported to have coking qualities. The ash
content of the coal ranges from 7.9 to 22.7 percent and averages 14 percent.
The moisture content ranges from 1.9 to 5.7 percent and averages about 3
percent; and the sulfur content ranges from 0.4 to 1.1 percent and averages
0.6 percent (Beikman and others, 1961, p. 83). Average analyses of coals
in the Fairfax-Montezuma area are given in table 9; analyses of mine

and delivered samples of coal are given in tables 3 and 4.
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Shsle
Shale, bone 8”7
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9
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2’0"
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Fuirhx,' Rust Seam,
at slope, 2nd Jevel.

FIGURE 22.--Sections of coal in the Carbonado Formation
at Montezuma and Fairfax
(from Daniels, 1914, p. 75)
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Spiketon area

Location and coal-bearing sequence

The Spiketon area is about 2 miles northeast of Wilkeson and
includes the mines at Spiketon (formerly known as Black Carbon and
Pittsburg), which are located north of South Prairie Creek in E 1/2
sec. 15, T. 19 N., R. 6 E.; and, the South Willis mines, which are south
of South Prairie Creek in the E 1/2 sec. 22, T. 19 N., R. 6 E. (pl. 1,
fig. 9). More than 10 coal beds are present in the Spiketon area. These
beds occur in the upper part of the Puget Group, in the Spiketon
Formation, and thus lie stratigraphically above the coal beds in the
Carbonado Formation which were mined in the Wilkeson-Carbonado area.

The coal beds in the Spiketon Formation lie at or near the surface
in a northwestward-trending belt about three-quarters of a mile wide on
the eastern margin of the Wilkeson-Carbonado coal field. The formation
is absent in the western part of the field. Volcanic rocks in the lower
part of the Ohanapecosh Formation overlie the coal-bearing strata of the
Spiketon Formation along the eastern margin of the coal field. Locally,
a thin tongue of volcanic sedimentary rocks in the Northcraft Formation
underlie the Spiketon Formation. The Spiketon is about 3,600 feet thick
and includes the upper part of the Burnett Formation of Willis and Smith
(1899, p. 8).

The ten or more coal beds in the Spiketon area range from a few inches
to as much as 11 feet in thickness. The average thickness of the Nos. 6,
7, and 8, and 10 beds, which have been mined to the greatest extent,
is about 4 feet (Beikman and others, 1961, p. 67). The correlation of
the beds at Spiketon with those at South Willis is shown in figure 23,
wherein, the coal beds designated by numbers are at Spiketon and those
designated by names are at South Willis. A generalized columnar section
of the Spiketon Formation is shown in figure 24; sections of coal

measured in the mines of the Spiketon area are shown in figures 25 and 26.
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Figure 23-Generalized section of principal coal beds in the Spiketon area,
Pierce County, Washington
(From Beikman and others, 1961, p. 68)

59

P%@ tl $ollows



sauw uo03d)fdg I® uoFIBWIO uU03IAFdS @Yl UT Spaq TeOD JO SUOTFIDAG-=-°G7 TANDII

*do1dIno modj b.o. uojINg
weag Jdjog ‘g Jequuy 2ingsnig

Apuaes ‘ejuys

13 4&aoq
: ‘K013 ‘ofuys

A3 1800 Y34
:qaud ‘orvys

3 . oreysg

1800 L1

ol £910
A &uoq ‘osus

Apuvs ‘ejeyg

9u0)spPuULE

.

QN
i £013 ‘o8yg

ot euoy

1800 .8

#1 208(q.‘018ug
1 XO81q ‘oyuys
o8 neis

2ujyied L€ [y
¥ sjsqs—euog

1800 3

£oz3 ‘orvig

suojspuNg
W& 4013 ‘oyeyg
«% 'QI9) ‘OjByg

1800 L8

R Q%D ‘ejmys
«r L)
ol L3138 ‘OBUE

SOUS WIS
14013 ‘opuusy

‘weeg 01 JoquINN ‘uojdujliom LpeT

1900 tﬂﬂ.-'

@uoIspussg

Lt
‘4913 ‘opeys

X £u0q *areug

PIPUYq
‘4913 ‘Ivys

*[PUTNY X001 JO YINOS UOJIAY
weag 9 JequnN JInqQsidd

.

0|88 ‘qawd
bus 1300,8
euoq pus

[L0Je ) L1

wy
‘1800 .81

otsye
moxs
-uoqisa
04 3308
1800 .88

o]8tis 03T]
Bujssud ‘£213
‘euojspuss

+8 BOYjeL ‘puvg

"4 [LLTS] ]
-uoqied ‘Iyvys

‘Apuvs ‘eiets

%3 &uoq ‘ereys -

miy-

{uog

1800

180p ot

[LUTO I o 1

‘

1800 08

‘OF ‘ON 9Jnyd
U 43J0U [939f pUZ W8I

wedg § NqunN 3anqsdid

Wl puvg
& osys

o vy

QUOYBPUUS

*9ULJ\ PWIY PO 183U WO

way
*Spuus ‘opvyy

&3 papuuq
q981q ‘SivyY

& &puss ‘aeysg

S8
spasq vuoq
pus (V0D Y3 M
‘RouIq ‘eIVyE

1
1809 ‘snoaou

-u0qied ‘o[vys
Apuaus ‘ejeys

‘jsuun) isau UONIAG

weag L JequaN 3uqsidid

spusq
2uoq Yija

1s00

- 1900

L3

LT

180D At
[so0 !nm-xn

1s00

twod
vop

1800

[LLe)

o

P ot

ouojspussg

¥
p1ey ‘opuiy

e ke)
:@ ‘r—cm
«9 UM
l~ h-——g
s w10
A F3ite)
o £91D
A8 sisyy

euojsPUBY

*[9A9] J9JUA UO UOJINIE

weds I9a[q

L0132 0)
Re1q ‘ovys

Wl LA

2111 .
suoq pus 1809
Yia ‘snoNe
-uogqied ‘o1eqy

s - &)

w1581
1809 pas
2u0q ‘9I8ys

Apuss
pus isinpou
‘£o13 ‘ormys

61



Shale 108"
Shale, grey
1’8" Coal
: 2’2" Coal,
Shale 6" firm
Sandstone 12" ;
Clay 1 Shale, black
Sandstone
8outh Willis, Crocker Seam,
South Willis, Jones Seam, at tunpel.
at tunnel.
Shale
Sandstone 5 Coal
Shalg and . Shale 33"
clay 2 ¢’ Coal
Shale and 10” Coal  ghale 6"
bone 21" , )
Sbale 'Y 3" Coa
' ’ 2"-13” Coal,
1’-23” Qoal bony
Shale, carb. 3” :
Shale, sandy Shale, sandy %
South Willis, Peacock Seam,
on chute 8, near gangway. South Vg;“és;n?;_l:x;f Seam,
Sandstone
Shale
14
Shale 1 127 Coal
Sandstone
South Willis, Snell Seam,
Shale on counter.
11”7 Coal
Clay 13"
Shale,carb. 23"
Clay 3 5 Coal
Clay 1 2” Coal,
Sand 1” bony
1’-2”  Coal
Shale 13 a Goal Shale P
Shale 1” on g
Shale 13 3" Oos) Shale, card. 6 .
9’ Coal
Shale, carb. 3”
Clay 11” 2:-10" Coal
Bone 5"

Shale, cardb. 8”
Shale

South Willis, Champion SBeam
on gangway.

Shale,bony 23"

Sandstone

South WIllis, Winsor Seam,
at face of 1st <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>